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Online access to your ActiveBook

Thank you for buying this Pearson Edexcel International GCSE (9-1) Physics Student Book.

It comes with three years’ access* to ActiveBook — an online, digital version of your textbook. You can personalise
your ActiveBook with notes, highlights and links to your wider reading. It is perfect for supporting your coursework
and revision activifies.

*For new purchases only. If this access code has already been revealed, it may no lenger be valid. If you have bought this texibook
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How to access your ActiveBook

Scratch the panel off with & esin to reveal your unique access code. Do not use a knife or other sharp object
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If you already have an Activelearn or ActiveTeach account, log in and click ‘| have @ new access code’ in the top
right of the screen.
*  Typein the code above and select ‘Activate’.

© Ifyou do not have an Activelearn or ActiveTsach account, click 'Register”. It is free fo do this.
Ir‘| » Type in the code obove and select ‘Activate’.
-+ Simply follow the instructions on screen to register.

Important information

* The access code can only be used once.

* Please aclivate your access code as soon as possible, as it does have a ‘use-by date’. If your code has expired
when you enter it, please contact our Activelearn support site at digital. support@pearson.com

» The ActiveBook will be valid for three years upon activation.

Getting help

* To check that you will be able to access an ActiveBook ge to
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ABOUT THIS BOOK

This book is written for students following the Pearson Edexcel International GCSE (8-1) Physics specification
and the Edexcel International GCSE (9-1) Science Double Award specification. You will need to study all of
the content in this book for your Physics examination. However, you will only need to study some of it if

you are taking the Double Award specification. The book clearly indicates which content is in the Physics
examination and not in the Double Award specification. To complete the Double Award course you will also
need to study the Biclogy and Chemistry parts of the course.

In each unit of this book, there are concise explanations and worked examples, plus numerous exercises
that will help you build up confidence. The book also describes the methods for carrying out all of the

reguired practicals,

The language throughout this textbook is graded for speakers of English as an additional language (EAL),
with advanced Physics specific terminology highlighted and defined in the glossary at the back of the book.
A list of command words, also at the back of the book, will help you to learn the language you will need in

your examination.

You will also find that questions in this book have Progression icons and Skills tags. The Prograssion icons
refer to Pearson's Progression scale. This scale - from 1 to 12 - tells you what level you have reached

in your learning and will help you to see what you need to do to progress to the next level. Furthermore,
Edexcel have developed a Skills grid showing the skills you will practise throughout your time on the
course. The skills in the grid have been matched to questions in this book to help you see which skills

you are developing. You can find Pearson's Progression scale and Edexcel's Skills grid at
www.pearsonschoolsandfecolleges.co.uk along with guidelines on how to use them.
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ASSESSMENT OVERVIEW

The following tables give an overview of the assessment for this course.

We recommend that you study this information closely to help ensure that you are fully prepared for this course and
know exactly what to expect in the assessment.

Written examination paper Physics 61.1% 2 hours January and June

Paper code 4PH1/1Pand  Double Award examination sares
45D0MP First assassment June 2019
Externally sat and assessed

by Edexcel

PAPER 2 SPECIFICATION | PERCENTAGE m TIME AVAILABILITY
Written examination paper Fhysics 38.9% 1 hour 15 ming  January and June

Paper code 4PH1/2P examination sernes
Externally set and assessed First assessment June 2019
by Edexcel

If you are studying Physics then you will take both Papers 1 and 2. If you are studying Science Double Award then you
will only need to take Paper 1 (along with Paper 1 for each of the Biclogy and Chemistry courses).

ASSESSMENT OBJECTIVES AND WEIGHTINGS

ASSESSMENT OBJECTIVE DESCRIPTION % IN INTERNATIONAL GCSE

A Knowledge and understanding of physics  38%-42%
ADZ Application of knowledge and 38%M—42%
understanding, analysis and evaluation
of physics
AD3 Experimental skills, analysis and 19%~21%

evaluation of data and methods in
physics




ASSESSMENT OVERVIEW ix l

EXPERIMENTAL SKILLS

In the assessment of experimental skills, students may be tested on their ability to:

e solve problems set in a practical context

» apply scientific knowledge and understanding in questions with a practical context

* devise and plan investigations, using scientific knowledge and understanding when selecting appropriate techniques

= demonstrate or describe appropriate experimental and investigative methods, including safe and skilful practical
techniguas

» make observations and measurements with appropriate pracision, record these methodically and present them in
appropriate ways

= jdentify independent, dependent and control variables

= use scientific knowledge and understanding to analyse and interpret data to draw conclusions from experimental
activities that are consistent with the evidence

* communicate the findings from experimental activities, using appropriate technical language, relevant calculations
and graphs

» gzsess the reliability of an experimental activity
» evaluate data and methods taking into account factors that affect accuracy and validity.

CALCULATORS

Students are permitted to take a suitable calculator into the examinations. Calculators with QWERTY keyboards or that
can retrieve text or formulae will not be permitted.
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THE TURNING EFFECT OF FORCES 48

UNIT 1
FORCES AND MOTION

Forces make things move, like this Atlas V rocket carrying the Cygnus spacecraft up to the
International Space Station. Forces hold the particles of matter together and keep us on the Earth.
Forces can make things slow down. This is useful when we apply the brakes when driving a car!
Forces can change the shape of things, sometimes temporarily and sometimes permanently.
Forces make things rotate and change direction.
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FORCES AND MOTION

MOVEMENT AND POSITION

1 MOVEMENT AND POSITION

It is very useful to be able to make predictions about the way moving objects behave. In this chapler you will learn about
some equations of motion that can be used to calculate the speed and acceleration of objects, and the distances they

travel in a certain time.

A Flgure 1.1 The word Is full of speeding objects.

LEARNING OBJECTIVES

Plot and explain distance=lime graphs Plot antd explain velocity—time graphs

Know and use the relationship between average speed, Determine acceleration from the gradient of a velocity-

distance moved and time taken:
distance moved

average speed =
Sl time taken

Practical; investigate the motion of everyday objects

such as toy cars or tennis balls

Know and use the relationship between acceleration,

change in velocity and time taken:
change in velocity

dcceleration = - .
time taken

Sometimes average speed is shown
by the symBols Vi, OF ¥ Butin this
book v will be used.

time graph

Determine the distance travelled from the area
between a velocity—time graph and the time axis

lIse the relationship between final speed, initial speed,
acceleration and distance moved:

{final speed)® = (initial speed)® + (2 = acceleration x

distance moved)
- v=u

{

B torque (tumning effect); newton metre (M m)
B momentum: kilng_ram metre per second (ko m/s),

Vi= Ui+ (2xdaxs)

In thiz section vou will need to use kilogram (ka) as the unit of mass, matre (m) as
the unit of length, and second (s) as the unit of ima, You will find measurements

of mass made in subdivisions of the kilogram, like grams (g) and milligrams (mg),
measuraments of length in multiples of the metre, like the kilometre (ke), and
subdivisions like the centimetre (cm) and millimetre (mm). You will also ba familiar
with other units for time: minutes, hours, days and years etec. You will need to take
care to convert units in calculations to the base units of kg, m and 5 when you meet
these subdivisions and multiples.

Other units come from these base units. In the first chapter youw will meet the units for:
m speed and velocity: metre per second (m/'s)

B acceleration: metre per second squared (me's7).

In later chapters vou will meet the units for:

B force: newlon (M)

B gravitational field strength: newton per kilogram (Mka)
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FORGES AND MOTION

Somatimes you may see 'd” used

as the symbol for distance travelled,
but in this book 's' will be used to be
consistent with the symbol used in
A level maths and physics.

MOVEMENT AND POSITION

Speed |5 a term that is often used in everyday life. Action films often feature
high-spead chases, Speed is a cause of fatal accidents on the road. Sprinters
aim for greater speed in competition with other athletes. Rockets must reach
a high enough speed to put communications satellites in orbit around the
Earth. This chapter will explain how speed is defined and measured and

how distance-time graphs are used to show the movement of an object

as time passes, We shall then look at changing speed - acceleration and
deceleration. We shall use velocity-time graphs to find the acceleration of an
object. We shall also find how far an object has travelled using its velocity-time
graph. You will find out about the difference between speed and velocity on
page 6.

AVERAGE SPEED

A car travels 100 kilometres in 2 hours so the average speed of the car is
50 km/h. You can work this out by doing a simple calculation using the
fallowing definition of spead:
distance moved, s

time taken, £

average speed, v =

V=

| L

The average speed of the car during the journey is the total distance travelled,
divided by the time taken for the joumey. If you look at the speedormeter in
a car you will see that the speed of the car changes from instant to instant
as the accelerator or brake is used. The speedometer therefore shows the

instantaneous speed of the car.

UNITS OF SPEED

Typically the distance moved is measured in metres and time taken in
seconds, so the speed is in metres per second (m/s). Other units can be used
for speed, such as kilometres per hour (km/h), or centimetres per second
{cmv's), In physics the units we use are metric, but you can measure speed in
miles per hour {mph). Many cars show speed in both mph and kilometres per
hour (kph or kmdh). Exam guestions should be in metric units, so remember
that m is the abbreviation for metres (and not miles).

REARRANGING THE SPEED
EQUATION

A Figure 1.2 You can use the triangle method
for rearranging equations like s = v = L.

If you are given information about speed and time taken, you will be expected

to rearrange the speed equation to make the distance moved the subject:
distance moved, 5 = average spead, v = time, ¢

and to make the time taken the subject if you are given the distance moved

and speed:

st distance rpgved.s

average sﬁ:eed, v

REMINOER

To use the triangle method 1o rearrange an equation, cover up the part of the triangle
that you want 1o find. For example, in Figura 1.2, if you want to work out how fong (i)
it takes to move a distance (=) at a given speed (v), covering f in Figure 1.2 leaves
<, or distance divided by speed. If an examination question asks you to write out

the equation for calculating speed, distance or time, always give the actual equation
{such as s = v = f]. You may not get the mark if you just draw the triangle.

——



FORCES AND MOTION MOVEMENT AND POSITION 3

SPEED TRAP! Suppose you want to find the speed of cars driving down your road. You may

have seen the police using a mobile speed camera to check that drivers are

F

keaping to the speed limit. Speed guns use microprocessors (computers on a
‘chip’) to produce an instant reading of the speed of a moving vehicle, but you
can conduct a very simple expariment {0 maasure car spead.

Measure the distance between two points along a straight section of road with
a tape measure or ‘click’ wheel. Use a stopwatch to measure the time taken
for a car to travel the measured distance. Figure 1.4 shows you how to operate

your ‘speed trap’.
1 Measura 50 m from a start point along the side of the road.

2 Start a stopwatch when your partner signals that the car is passing the start
paint.

L

A Figure 1.3 A stopwatch will measure the time

taken for the vehicle to travel the distance, 3 Stop the stopwatch when the car passes you at the finish point.

A Figure 1.4 How to measure the speed of cars driving on the mad

Using the measurements made with your speed trap, you can work out the

No massLremients should be taken speed of the car. Use the aquation:

on the public road or pavement but it distance moved, s
is possible to do so within the school il i
boundary within sight of the road. ’

So if the time measured is 2.9 g, the speed of the car in this expeariment is:

aversge speed, v = 30
You can corwert a speed in m/'s into a 3.9s
speed in km/h. =12.8 m's
If the car travels 12.8 metres in one

Secmllw ol DISTANCE-TIME GRAPHS
12.8 x 60 metres in 60 seconds (that 15,

one minute) and

12.8 » 60 » 60 metres in 60 minutes
{that is, 1 hour), which is

46080 metres in an hour or 46,1 km'h
{to one decimal place).

We have multiplied by 3600 (60 = 60} to
convert from m/s to m/h, then divided
by 1000 to convert from myh to kme'h
{@s there arg 1000 m in 1 km).

Rufe: to convert m/s to km/h simply

multiply by 3.6. A Figure 1.5 A car travelling at constant speed
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ﬂ 1 T F
00 05 10 15 20 25
s
A Figure 1.6 Distance-time graph for the
travelling car in Figure 1.5

A curved line on distance-time graphs
means that the spead or velocity of tha
object is changing. To find the spead
at a particular instant of time we would
draw a tangent to the curve at that
instant and find the gradient of the
tangeant.

MOVEMENT AND POSITION

Figure 1.5 shows a car travelling along a road. It shows the car at 0.5 second
intervals. The distances that the car has travelled from the start position after
each 0.5 s time interval are marked on the picture. The picture provides a
record of how far the car has travelled as time has passed. The table below
shows the data for this car. You will be expected to plot a graph of the distance
travelled (vertical axis) against time (horizontal axis) as shown in Figure 1.6.

Time from start/s 0.0 0.5 1.0 1.5 20 29

Distance ravelled from start/m 0.0 6.0 120 18.0 24.0 0.0
The distance-time graph tells us about how the car is travelling in a much
more convenient form than the series of drawings in Figure 1.5. We can see
that the car iz travelling equal distances in equal time intervals — it is moving
at a steady or constant speed. This fact is shown immediately by the fact that
the graph is a straight line, The slope or gradient of the line tells us the speed
of the car - the steeper the line the greater the speed of the car. Sain this
example:

distance _ 30m _ ., .o

I B oot time  2.5s
a . h n
obgect A
E E
§ E object B E
‘g -} o
TS timea's time's
d ]

digtance’m
distanca’m

timas time's

A Figure 1.7 Examples of distance—time graphs

In Figure 1.7a the distance is not changing with time = the line is horizontal.
This means that the speed is zero. In Figure 1.7b the graph shows how two
objects are moving. The red line is steeper than the blue line because object
A is moving at a higher speed than object B. In Figura 1.7¢ the object is
speeding up (accelerating) shown by the graph line getting steeper (gradient
getting bigger). In Figure 1.7d the object is slowing down (decelerating).

THE DIFFERENCE BETWEEN SPEED AND VELOCITY

Some displacement-time graphs look like the one shown in Figure 1.7e. It is

a straight line, showing that the object is moving with constant speed, but

the line is sloping down to the right rather than up to the right. The gradient of
such a line is negative because the distance that the object is from the starting
point is now decreasing - the object is going back on its path towards the
start. Displacement means ‘distance travelled in a particular direction’ from a
specified point. So if the object was originally travelling in a northerly direction,
the negative gradient of the graph means that it is now travelling south,
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Displacement is an example of a vector. Vector quantities have magnitude

Alvecion i & guanity that hasbeth a0 and @ Speaific dimction. :
and direction. Displacement is distance  Velocity is also a vector. Velocity is speed in a particular direction. If a car

travelled in a particular dirsction. travels at 50 ken/h around a bend, its speed is constant but its velocity will be
Force is another example of a vector changing for as long as the direction that the car is travelling in is changing.
that you will meet in Chapter 2. The : :
size of a force and the direction in average velocity = mm T dispAcameit
which it acts are both impartant. time taken
ol it The global positioning system (GPS) in Figure 1.9 shows two points on a
g ' NEGATIVE SLOPE or negative gradient. journey. The second point is 3 km north-west of the first.
g a A walker takes 45 minutes to travel from the first point to the second.
2 Calculate the average velocity of the walker.
§ b Explain why the average speed of the walker must be greater than this.
.E_ a Write down what you know:
£ increase in displacement is 3 km north-west
: time taken is 45 min (45 min = 0.75 h)
B . increase in displacement
” timeds ke bt e time taken
A Figure 1.8 In this graph displacement is = 4 km'h north-west
_ sceboichebinbiis b The walker has to follow the roads, so the distance walked is greater
than the straight-line distance between A and B (the displacement). The
Always show your working when walker's average speed (calculated using distance) must be greater than
answering questions. You should show his average velocity (calculated using displacement).
yaur working by putting the values S )

given in the question into the equation,

< Figura 1.9 The screen of a global positioning system (GPS). A GPS is
an ald to navigation that uses orbiting sateliitas to locate its position
on the Earth's surface.

ACTIVITY 1

¥ PRACTICAL: INVESTIGATE THE MOTION OF EVERYDAY OBJECTS SUCH AS TOY CARS OR
TENNIS BALLS

You can use the following simple apparatus to investigate the motion of a toy car. A |

You could use this to measure the average speed, v of the car for different values of h. | Heavy wooden runways need
to b stacked and mowved
carafully. They are best used
at low level rather than baing
placed on benches or tables
where they may fall off. If
heawy trolleys are used as
‘wehicles', a “catch boo” filled
with bubble wrap or similar
material should be placed at
the end of tha runway.

A Figure 1.10 Investigating how a toy car rofls down a shope
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You need to measure the height, f, of the raised end of the wooden track. The track must be securely clamped at
the height under test and f should be measured with a metra rule making sure that the rule is perpendicular to
the bench surface. Make sure that you always measure to the same point or mark on the raised end of the track
(a fiducial mark).

To find the average speed you will use the equation:

distance moved, s
average speed, v = e
P Y time taken, ¢

=0 you will need to measure the distance AB with a metre rule and measure the time it takes for the car to travel
this distance with a stop clock. When timing with a stop clock, human reaction time will introduce measurement
errors. To make these smaller the time to travel distance AB should, for a given value of h, be measured at least
three times and an average value found. Always start the car from the same point, A. If one value is quite different
from the others it should be treated as anomalous (the result is not accurate) and ignored or repeated.

The results should be presented in a table like the one below. You do not need to include these squations in
your table headings but you may be asked to
Distance/m AB: f,/"'l show how you did the calculations.
=
. Time, i/s Average time, £'s =) Average spead, wWim's
Height, hm A le el t=i+2+13):3 v=AB =1

In a question you may be given a complete set of results or you may be required to complete the table by

daing the necessary calculations. You may be asked to plot a graph (see general notes above) and then draw a
conclusion. The conclusion you draw must be explained with referance to the graph, for example, if the best fit line
through the plotted points is a straight line and it passes through the origin (the 0, 0 point} you can conclude that
there is a proportional relationship between the guantities you have plotted on the graph.

Some alternative methods
You could investigate the motion of moving objects using photegraphic methods either by:

= carrying out the experiment in a darkened room using a stroboscope to light up the object at regular known
intervals (found from the frequency setting on the stroboscope) with the camera adjusted so that the shutter is
open for the duration of the movement, or

® using a video camera and noting how far the object has travelled between sach frame - the frame rate will allow
you to calculate the time between each image.

In either case a clearly marked measuring scale should be visible.

Or you could use an electronically operated stop clock and electronic timing gates, This will let you measure the
time that it takes for the moving object to travel over a measured distance. Thiz has the advantage of removing
timing errors produced by human reaction time.

You can also use timing gates to measure how the speed of the object changes as it moves.

timing gate
card stnip

oo

& Figure 1.11 Using a timing gate is a more accurate method lor maaswring time takan to traval a distance.

In this arrangement the stop clock will time while the card strip attached to the moving car passes through the
timing gate. Measuring the length of the card strip and the time it takes for the card strip to pass through the timing
gate allows you to calculate the average speed of the car as it passes through the timing gate.
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ACCELERATION

Figure 1.12 shows some objects whose speed is changing. The plane must
accelerate to reach take-off speed. In ice hockey, the puck (small disc that the
player hits) decelerates only very slowly when it slides across the ice. When
the egg hits the ground it is forced to decelerate (decrease its spead) very
rapidly. Rapid deceleration can have destructive results.

£

A Figure 1.12 Acceleration ... ««» CONstant speed ... «+ a0 deceleration

Acceleration is the rate at which objects change their velocity, It is defined as

follows:
: change in velocity  final velocity, v — initial velocity, u
el e taken.t O time taken,
P el

t
Why u? Simply because it comes before v!

Acceleration, like velocity, is a vector because the direction in which the
acceleration occurs is important as well as the size of the acceleration.

UNITS OF ACCELERATION Velocity iz measured in ms, so increase in velocity is also measured in m/s.

Acceleration, the rate of increase in velocity with time. is therefore measured
in mds/s (read as ‘metres per second per second’). We normally write this as
m/s® (read as ‘metres per second squared’), Other units may be used - for
example, cm/s?,

A car is travelling at 20 m/s. It accelerates steadily for 5 5, after which time
it is travelling at 30 m/'s. Calculate its acceleration.

Write down what you know:

initial or starting velocity, u = 20 m/s
final velocity, v = 30 m/s

time taken, t=5s

=)
e WL
_ 30mds = 20m's
i Ss
i o it i b4 _10ms
It is good practice 1o include units in e i

equations - this will help you to supply

the answer with the comect unit. The car is accelerating at 2 m/s?.
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MOVEMENT AND POSITION

DECELERATION

Deceleration maans slowing down. This means that a decelerating object will
have a smaller final velocity than its starting velocity. If you use the equation

for finding the acceleration of an object that is slowing down, the answer will
have a negative sign. A negative acceleration simply means deceleration.

An object hits the ground travelling at 40 m/s. It is brought to rest in 0.02 5.
What is its acceleration?

Write down what you Know:

initial velocity, u = 40 m's

final velocity, v = 0 m/s

time taken, t =0.02 5

(v-u)
o

_ Om/fs - 40 m/s
- 0.02s

_ —A0m/fs

-~ 0.02s

= =2000 m/s*

In Example 3, we would say that the object iz decelerating at 2000 m/s2.
This is a very large deceleration. Later, in Chapter 3, we shall discuss the
consequences of such a rapid deceleration!

MEASURING ACCELERATION

EXTENSION WORK

Galileo was an Walian scientist who
was born in 1564, He developed a
telescope, which he used to study the
movemeant of the planets and stars. He
also carried out many experiments an
motion (movernant).

EXTENSION WORK

Though Galileo did not have a clock or
watch (let alone an electronic timer), he
used his pulse (the sound of his heart)
and a type of water clock to achieve
tirmings that were accurate enaugh for
his expariments.

When a ball is rofled down a slope it is clear that its speed increases as it rolls -
that is, it accelerates. Galileo was interested in how and why objects, like the ball
rolling down a slope, speed up, and he created an interesting experiment to leam
mare about acceleration. A version of his experiment is shown in Figure 1,13,

P

& Figure 1.13 Galileo’s experiment. A bail rolling down a slope, hitting small bells as it rolls

Galileo wanted to discover how the distance travelled by a ball depends on the
time it has been rolling. In this version of the experiment, a ball rolling down

a slope strikes a series of small bells as it rolls. By adjusting the positions of
the bells carefully it is possible to make the bells ring at equal intervals of time
as the ball passes. Galileo noticed that the distances travelled in equal time
intervals increased, showing that the ball was travelling faster as time passed.
Galileo did not have an accurate way of measuring time (there were no digital
stopwatches in seventeenth-century ltaly!) but it was possible to judge equal
time intervals accurately simply by listening.
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The equations of motion we have
learmed work for uniform or constant
acceleration only — therefore for objects
with weloGity-time graphs that are
straight lines.

Galileo also noticed that the distance travelled by the ball increased ina
predictable way. He showed that the rate of increase of speed was steady or
unifarm. We call this uniform aceeleration. Most acceleration is non-uniform -
that is, it changes from instant to instant - but we shall only deal with uniformly
accelerated objects in this chapter.

VELOCITY-TIME GRAPHS

The table below shows the distances between the bells in an experimant such
as Galileo's.

1.0 1.5 20 25

Distance of bell from startfom 12 Ef 45 (]

We can calculate the average speed of the ball between each bell by working
out the distance travelled between each bell, and the time it took to travel this
distance. For the first bell:

distance moved, 5
time taken, t

velocity, v =

This is the average velocity over the 0.5 second time interval, so if we plot it on
a graph we should plot it in the middle of the interval, at 0.25 seconds.

Repeating the above calculation for all the results gives us the following table
of results. We can use these results to draw a graph showing how the velocity
of the ball is changing with time. The graph, shown in Figure 1.14, is called a

velocity=time graph.

s o B im am

The graph in Figure 1.14 is a straight line. This tells us that the velocity of the
rolling ball is increasing by equal amounts in equal time pericds. We say that
the acceleration is uniform in this casa,

B0 -

8 5 8

veloeityiemys

5]
L=
B

A Figure 1.14 Vetocity=time graph for an experiment in which a ball is relled down a slope. (Note
that as we are plotting average velocity, the points are plotted in the middle of each successive
0.5 = time inferval.)
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A MODERN VERSION OF GALILED'S
position 1 shard )
EXPERIMENT light gates intarrupter
e 0 PUITIE] b e

position 3

pasition 4

elecironic imer

A cylinder vacuum cleaner (or similar) e oo
or

used with the air-irack should be
placed on the floor as it may fall off a
bench or stool. Also, beware of any
trailing leads.

sloping
air-track

A Figure 1,15 Measuring acceleration

Today we can use data loggers to make accurate direct measurements that are
collected and analysed by a computer. A spreadsheet program can be used to
produce a velocity-tirme graph, Figure 1.15 shows a glider on a slightly sloping
air-track. The air-track reduces friction because the glider rides on a cushion

of air that is pushed continuously through holes along the air-track. As the glider
accelerates down the sloping track the card stuck on it breaks a light beam, and
the time that the glider takes to pass is measured electronically. If the length of
the card is measured, and this is enterad into the spreadsheet, the velocity of the

glider can be calculated by the spreadshest program using v = %.

Figure 1.16 shows velocity-time graphs for two experiments done using the

air-track apparatus. In each experiment the track was given a different slope.

The steaper the slope of the air-track the greater the glider's acceleration. This

is clear from the graphs: the greater the acceleration the steeper the gradient |
of the graph.

The gradient of a velocity-time graph gives the acceleration. ||

Abr-track at 1.5° | Air-track at 3.0¢
Timess | Av Vel | Timess | Sy Val.
AEMS fem's
0.0 0.0 000 0.0
0,45 11.1 0.az2 15.49
1.35 333 045 47 6
225 | 568 | 156 | 78.4 |
315 778 221 111.1
RN N T l
time's

A Figure 1.16 Results of two air-lrack experiments. (Nole, once again, that because we arg
platting average velocity in the velocity=time graphs, the points are plofted in the middle of each
successive time interval - see page 11)
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MORE ABOUT VELOCITY-TIME
GRAPHS

HINT

1 When finding the gradient of a
graph, draw a big triangle.

2 Choose a convenient number of
units for the length of the base of
the triangle to make the division
aasier.

GRADIENT

The results of the air-track experiments in Figure 1.16 show that the slope of
the velocity-time graph depends on the acceleration of the glider. The slope
or gradient of a velocity-time graph is found by dividing the increase in the
velocity by the time taken for the increase, as shown in Figure 1.17. In this
example an ohject is travelling at v m/s at the beginning and accelerates
uniformly (at a constant rate) for t s, Its final velocity is v m/s. Increase in
velocity divided by time is, you will recall, the definition of acceleration (see
page 8}, so we can measure the acceleration of an object by finding the slope
of its velocity-time graph. The meaning of the slope or gradient of a velocity-
time graph is summarised in Figure 1.17.

gradient = 4 ; L)
f/r_iﬂ gradiant = a

w

] time I
& Figure 1,17 Finding the gradient of a velocity—fime graph

¥ L L ¥

_,-—""__/ . . -

t i i t
a shaliow gradienl - B steep gradienti- € horizontal d negative gradient -
low acceleration high acceleration {2ang gradient) = negative accoleration
o accelaration (decelaration}

A Figure 1,18 The gradient of a velocily=time graph gives you information about the motion of an
object af a glance.

AREA UNDER A VELOCITY-TIME GRAPH GIVES DISTANCE TRAVELLED

Figura 1.19a shows a welocity-time graph for an object that travels with a
constant velocity of & mfs for 10 s, A simple calculation shows that in this time
the object has travelled 50 m. This is equal to the shaded [coloured) area under
the graph. Figure 1.18b shows a velocity=time graph for an object that has
accelerated at a constant rate. Its average velocity during this time is given by

initial velocity + final velocity o UEY
2 2
In this example the average velocity is, therefore;

a'ur&raga uglmpt? - Mﬁ

average velocity =

which works out to be Sm/s. If the object travels, on average, 5 metres in each
second it will have travelled 20 metres in 4 seconds. Notice that this, too, is
equal to the shaded area under the graph (given by the area equation for a
triangle: area =  base x height).
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Find the distance travelled for mone
complicated velocity-time graphs by
dividing the area beneath the graph
line into rectangles and triangles. Take
care that units on the velocity and time
axes uge the sama units for time, for
example, m/s and s, or km/'h and h.

A Figure 1.20 Cover v=utofind v—u=ax |

The area under a velocity-time graph is equal to the distance travelled by
{displacement of) the object in a particular time interval.

a | e - b area of a triangle = $basa x height

veloeity/m/s

A Figure 1.19 a An object travelling al constant velocify; b An object acoelerating ata constant rate

EQUATIONS OF UNIFORMLY ACCELERATED MOTION

You must remember the eguation:
g, il |

t
and be able to use it to calculate the accaleration of an object.

You may need to rearrange the equation to make another term the subject.

A stone accelerates from rest uniformly at 10 m/s? when it is dropped
down a deep well. It hits the water at the bottom of the well after 5 s.
Calculate how fast it is travelling when it hits the water.

You will need to make v the subject of this equation:

_Vv=u
S
You can use the triangle method to show thatv-u=a =t
then add v to both sides of the equation to give:

v=u+at
{In words this tells you that the final velocity is the initial velocity plus the
increase in velocity after accelerating for t seconds.)

State the things you have been told:

initial velogity, u = 0 m/s (It was stationary (standing still) at the start.)
acceleration, a = 10 m/s?

time, f, of the acceleration=5s

Substitute these into the equation: v = 0 m/s + (10 m/s? x 5 s

Then calculate the result.

The stone hit the water travelling at 50 m/s (downwards).

a

You will also be required to use the following equation of uniformly accelerated

maotion:

(final speed)y?, v° = (initial speed)?, u? + (2 = acceleration, & x distance moved, s)

V= uf + 2as

e e ———
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EXAMPLE 5 -

A eylinder containing a vaccine is dropped from a helicopter hovering at
a height of 200 m above the ground. The acceleration due to gravity is
10 m/s?. Calculate the speed at which the cylinder will hit the ground.

You are given the acceleration, a = 10 m/s?, and the distance, 5 = 200 m,
through which the cylinder moves. The initial velocity, u, is not stated, but
you assume it is 0 m/s as the helicopter is hovering (staying in one place in
the air). Substitute these values in the given equation:
W2 = u? + 2as

=0 m/s® + (2 x 10 m/s® x 200 m)

= 4000 m2/g?
therefore v = /(4000 m#/s?)

=63.25 m's

LOOKING AHEAD

The equations you have seen in this chapter are called the equations

of uniformly accelerated motion. This means that they will give you

I| correct answers whan solving any problams that have objects moving

i with constant acceleration. In your exam you will only see problems

| where this is the case or very nearly so. Examples in which objects

' accelerate or decelerate (slow down) at a constant rate often have a

| constant acceleration due to the Earth’s gravity (which we take as about
10 m/s?).

In real life, problems may not be quite so simple! Objects only fall with
constant acceleration if we ignore air resistance and the distance that
they fall is quite small.

These equations of uniformiy accelerated motion are often calied the
‘suvat’ equations, because they show how the terms 5 (distance moved),
i (velocity at the start), v (velocity at the finish), a (acceleration) and t
{time) are related.

CHAPTER QUESTIONS More questions on speed and acceleration can be found at the end of Unit 1

on page 53.
LLURER PROBLEM SOLVING .T) 1 A sprinter runs 100 metres in 12.5 seconds. Calculate the speed in m/s.

! *IJ 2 A jet can travel at 350 m/s. Calculate how far it will travel at this speed in:
[ a 30 seconds

b 5 minutes

c half an hour.

3 A snail crawls at a speed of 0.0004 m's. How long will it take to climb a
garden stick 1.6 m high?
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m ANALYSIS D 4 Lock at the following distance-time graphs of moving objects.
tirig

— £

. —
T time ime

A B > D

Identify in which graph the object is:
a maoving backwards

b moving slowly

o moving quickly

d not moving at all.

Sketch a distance-time graph to show the motion of a person walking quickly,
stopping for a moment, then continuing to walk slowly in the same direction.

D 6 Plot a distance-time graph using the data in the following table. Draw
a line of best fit and use your graph to find the speed of the object
concernad,

DO0 160 325 480 B35 800 960
0.00 0.05 010 0.15 0.20 0.25 0.30

PROBLEM SOLVING 7 The diagram below shows a trail of cil drips made by a car as it travels
along a road. The oil is dripping from the car at a steady rate of one drip
avery 2.5 seconds.

%

distance
distance

-
L

n

BT nreneaewmon

cél drips on the read

A
L

a Describe the way the car is moving.
b The distance between the first and the seventh drip is 135 metres.
Determine the average speed of the car,
3 2 A caris travelling at 20 m/s. It accelerates uniformly at 3 m/s? for 5 s.

a Sketch a velocity-time graph for the car during the period that it is
accelerating. Include numerical detail on the axes of your graph.

b Calculate the distance the car travels while it is accelerating.

m INTERPRETATION 9 Explain the difference between the following terms:
a average speed and instantaneous speed

Iy speed and velocity.

10 A gports car accelerates uniformly from rest to 24 m/s in 6 s. Calculate the
acceleration of the car.

or wor

LN PROBLEM SOLVING

m INTERPRETATION 11 Sketch velocity-time graphs for an object:
a moving with a constant velocity of 6 m/'s

b accelerating uniformly from rest at 2 m/s? for 10 s
o decelerating to rest at 4 m/s® for § 5.
Include numbers and units on the velocity and time axes in each case.

LLER
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12 A plane starting from rest accelerates at 3 m/s? for 25 s. Calculate the

13

14

15

16

17

increase in velocity after;
als

b 5s

c 258

Look at the following sketches of velocity-time graphs of moving objects.

117

time fime time tirne
A B c D

¥

In which graph is the object:

a not accelerating

b accelerating from rest

¢ decelerating

o accelerating at the greatest rate?

Sketch a velocity-time graph to show how the velocity of a car travelling
along a straight road changes if it accelerates uniformly from rest for 5 5,

travels at a constant velocity for 10 s, then brakes hard to come to rest in
2sg

a Plot a velocity-time graph using the data in the following table:

60 25 G50 75 100 100 100 0.0 W0 100

Tima/s 00 10 20 30 40 S50 60 70 BO 90

Draw a line of best fit and use your graph to find:
b the acceleration during the first 4 5
¢ the distance travelled in:

i the first 4 s of the maotion shown

ii the last 5 s of the motion shown

d the average speed during the 9 seconds of motion shown.
The dripping car from Cuestion 7 is still on the road! It is still dripping oil

but now at a rate of one drop per second. The trail of drips is shown on the
diagram below as the car travels from left to right.

Describe the motion (the way the car is moving) using the information in
this diagram.

This question uses the equation v? = U + 2as.

a Explain what each of the terms in this equation represents.

b A ball is thrown vertically upwards at 25 mfs, Gravity causas the ball to
decelerate at 10 m/s®. Calculate the maximum height the ball will reach.
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2 FORCES AND SHAPE

Forces are acting on us, and on objects all around us, all the time. In this chapter you will learn about different kinds of
forces, how they may change the speed and direction of objects and how they can affect the shape of objects.

i
SEPRSS

A Figure 2.1 Forces include pulling, falling due to gravity and squashing

LEARNING DBJECTIVES

Describe the effects of forces between bodies such as Know that friction is a force that opposes motion

hanges in speed, shape or directi e - = b
changes in speed, shape or direction Practical: investinate how extension varies with
Identify different types of force such as gravitational or applied force for helical springs, metal wires and
glectrostatic rubber bands

Understand how vector quantities differ from scalar Know that the initial linear region of a force-extension
guantities graph is associated with Hooke's law

Understand that force is a vector quantity Describe elastic behaviour as the ability of a material
recover its original shape after the forces causing

: o ¥
Calculate resultant force of forces that act along a ;
“:E llate the resultant force of forces that ac ga deformation have been removed

Forces are simply pushes and pulls of one thing on another. Sometimes we
can see their effects quite clearly. In Figure 2.1, the tug is pulling the tanker;
the bungee jumper is being pulled to Earth by the force of gravity, and then
{hopefully before meeting the ground) being pulled back up by the stretched
elastic rope; the force applied by the crusher permanently changes the shape
of the cars. In this chapter we will discuss different types of forces and look at
their effects on the way that objects move.
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A Figure 2,2 What forces do you think are
working hare?

Like displacement, velocity and
acceleration, force is a veclor quaniity
because both its size and direction
matter. Some quantities, such as
ternperatura, have no direction
connected with them. They are known
as scalar gquantities,

FORCES AND SHAPE

ALL SORTS OF FORCES

If you are to study forces, first you need to notice them! As we have already
said, sometimes they are easy to see and their effect is obvious. Look at
Figure 2.2 and try to identify any forces that you think are involved.

You will immediately see that the man is applying a force to the car - he is
pushing it. But there are quite a few more forces in the picture. To make the
task a little easier we will limit our search to just those forces acting on the car.
We will alzo ignore forces that are very small and therefore have little effect.

The man is clearly struggling to make the car move. This is because there is a
force acting on the car trying to stop it moving. This is the force of friction betwean
the moving parts in the car engine, gears, wheel axles and so on. This unhelpful
force opposes the motion that the man is trying to achieve, However, when the
car engine is doing the work to make the car go, the friction between the tyres and
the road surface is vital. On an icy road even powerful cars may not move forward
because there is not encugh friction between the tyres and the ice,

Another force that acts on the car is the pull of the Earth, We call this a
gravitational force or simply weight. if the car were to be pushed over the
edge of a cliff, the effect of the gravitational force would be very clear as the
car fell towards the sea. This leads us to realise that yet another force is acting
on the car in Figure 2.2 - the road must be stopping the car from being pulled
into the Earth. This force, which acts in an upward direction (going up) on the
car, is called the reaction force. (A more complete name is normal reaction
force. Here the word ‘normal’ means acting at 90° to the road surface.) All four
forces that act on the car are shown in Figure 2.3,

peush on the car
by the man

Iriction opposing

rarmal reaction forces at the
thé molion

whigdis, the upward push an
tha car from the ground

waight, the downward pull
of gravity on the car

A Figure 2.3 There are four types of force at work.

You will have realised by now that it is not just the size of the force that is
important - the direction in which the force is acting is important, too.

Force is another example of a vector,

The unit used to measure force is the newton (N), named after Sir Isaac
Mewton. Newton's study of forces is vital to our understanding of them today.

A force of one newton will make a mass of one kilogram accelerate at one
metre per second squared.

This is explained more fully later (see Chapter 3). To give you an idea of the
size of the newton, the force of gravity on a kilogram bag of sugar (its weight)
is about 10 M; an average-sized apple weighs 1 N.
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A Figura 2.4 Mora forcas!

SOME OTHER EXAMPLES OF FORCES

It is not always easy to spot forces acting on objects. The compass needle
in Figure 2.4a, which is a magnet, is affected by the magnetic force between
it and the ather magnet. Magnetic forces are used to make aelectric motors
rotate, to hold fridge doors shut, and in many other situations.

If you comb your hair, you sometimes find that some of your hair sticks to the
comb as shown in Figure 2.4k, This happens because of an electrostatic force
between your hair and the comb. You can see a similar effect using a Van de
Graaff generator, as shown in Figure 8.6 on page 87.

A parachute causes the parachutist to descend more slowly because

an upward force acts on the parachute called air resistance or drag. Air
resistance is like friction - it tries to oppose movement of objects through
the air. Designers of cars, high-speed trains and other fast-moving objects
try to reduce the effects of this force, Objects moving through liquids

also experience a drag force — fast-moving animals that live in water have
streamlined (smooth and efficient) shapes to reduce this forca.

Hot air balloons are carried upwards in spite of the pull of gravity on
them because of a force called upthrust. This is the upward push of the
surrounding air on the balloon. An upthrust force also acts on objects in
liquids.

More types of force, such as electric and nuclear forces, are mentioned in
other chapters of this book. The rest of this chapter will look at the effects of
farces,

MORE THAN ONE FORGE

As we saw earlier, in most situations thare will be more than just one force
acting on an object. Look at the man trying to push the car, shown in

Figure 2.5. The two forces act along the same line, but in opposite directions.
This means that one is negative (because it acts in the opposite direction to
the other) and, if they are equal in size, they add up to zero and the car will not

-F friction opposing
the motion
A Figure 2.5 The resulfant lorce is zero because the two forces are halanced.

pushes on the car
by the men

friction opposing
the moticn

& Figure 2.6 The total pushing foree is the of the bwo individual forces.
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A Figure 2.7 Balanced lorces and unbalanced
forces

FORCES AND SHAPE

If the man gets someone to help him push the car, the forward force is bigger.
Both of the forces pushing the car are acting in the same direction, so you can
find the total forward force by adding the two forces together. If both people
are pushing with a force of 300 N, then:

total forward force = 300 W + 300 N
=00 N

This means we can just add all the forces together to find the resultant force.
As force is a vector quantity, we also need to think about the directions in
which the forces are acting, and we do this by deciding which direction is the
positive [+) direction. In this case, we can think of the force from the people as
positive and the force from friction as negative. The + and = signs just show
that the forces are acting in opposite directions.

So, if the force from friction is 300 M:

unbalanced force =300NM + 300N =300 N
=300N

BALANCED AND UNBALANCED FORCES

Figure 2.7 shows two situations in which forces are acting on an object. In

the tug of war contast the two teamns are pulling on the rope in opposite
directions. For much of the time the rope doesn't move because the two
forces are balanced. This means that the forces are the same size but act in
opposite directions along the line of the rope. There is no unbalanced force in
one direction or the other. When the forces acting on something are balanced,
the object does not change the way it is moving. In this case if the rope is
stationary, it remains stationary. Eventually, one of the teams will become tired
and its pull will be smaller than that of the other team. When the forces acting
on the rope are unbalanced the rope will start to move in the direction of the
greater force. There will ke an unbalanced force in that direction. Unbalanced
forces acting on an object cause it to change the way it is moving. The rope
was stationary and the unbalanced forces acting on it causad it to accelerate.

The car in Figure 2.7 is designed to have an enormous acceleration from rest.
As soon as it starts to move the forces that oppose motion - friction and drag
= must be overcome. The thrust of the engine is, to start with, much greater
than the friction and drag forces. This means that the forces acting on the car
in the horizontal direction are unbalanced and the result is a change in the way
that the car is moving — it accelerates! Once the friction forces balance the
thrust the car no longer accelerates - it moves at a steady speed.

FRICTION

Friction is the force that causes moving objects to slow down and finally stop.
The kinetic energy of the moving object is transferred to heat as work is
done by the friction force. For the ice skater in Figure 2.8 the force of friction is
very small so she is able to glide for long distances without having to do any
waorkl. It is also the force that allows a car's wheels to grip the road and make it
accelerate — very quickly in the case of the racing cars in Figure 2.B.

Scientists have worked hard for many years to develop some materials that
reduce friction and others that increase friction. Reducing friction means that
machines work more efficiently (wasting less energy) and do not wear out so
guickly. Increasing friction can help to make tyres that grip the road better and
to make more effective brakes.

21
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INVESTIGATING FRIGTION

et block
weight to vary normmal

+—meaction force

| pulley
suriaces
ungder test
wiaights addod hens
until test block just
begins 1o slide over
biest Surface

A Figure 2.9 This apparatus can be used to
investigale mction.

A ‘catch box' filled with bubble wrap
(or gimilar) under the suspended
rmasses keeps hands and feeat out of

the “drop zone'.

A Figure 2.8 The ice skater can glide because friction is low. The cars need friction to grip the road.

Friction oceurs when solid objects rub against other solid objects and also
when objects move through fluids (liquids and gases). Sprint cyclists and
Olympic swimmers now wear special materials to reduce the effects of fluid
friction so they can achieve faster times in their races. Sometimes fluid friction
is very desirable - for example, when someone uses a parachute after jumping
from a planes!

The simple apparatus shown in Figure 2.9 can be used to discover some basic
facts about friction. The weight force on the line running over the pulley pulls
the block horizontally along the track and friction acts on the block to oppose
this force. The weight is increased until the block just starts to move; this
happens when the pull of the weight force just overcomes the friction force.
The friction force between the block and the track has maximum valug.

The apparatus can be used to test different factors that may affect the size of the
friction force, such as the surfaces in contact - the bottom of the block and the
surface of the track. If the track surface is replaced with a rough surface, like a
sheet of sandpaper, the force required to overcome friction will be greater,

It is important to remember friction when you are investigating forces and motion.
Friction affects almost every form of motion on Earth. However it is possible to

do experiments in the science laboratory in which the friction force on a moving
object is reduced to a very low value. Such an object can be set in motion with a
small push and it will continue to move at a constant speed even when the force is
no longer acting on it. An experiment like this is shown in Figure 2.10.

You may also have seen scientists working in space demonstrating that
objects keep moving in a straight line at constant speed, once set in motion.
They do this in space because the objects are weightless and the force of air
resistance acting on them is very small.

Objects in orbit, such as spacecraft, are described as 'weightiess’ because they do
not appear to have weight. However the Earth's gravity is sfill acting on them, and on
the spacecraft. You can think of a spacecraft in orbit as ‘falling around the Earth’. As
the ohjects inside the spacecraft are also falling around the Earth at the same rate,
they do not seem to fall inside the spacecraft,

! start f = O3 it t=0.5s
] [ =l ]
- —2m— = < 2m -
t=1.0s b f=158. ot
[ Ll ] | Lt |
+ 2m > a 2m -

A Figure 2.10 A lingar (straight line) air-track reduces friction dramatically. The glider moves equal
distances in equal tme intenals. s velocity is constant
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Figure 2.11 Forces can cause changes in
shape.

HODKE'S LAW e

CHANGING SHAPES

We have seen that forces can make things start to move, accelerate or
decelerate. The examples in Figure 2.11 show another effect that forces can
have — they can change the shape of an object.

Sometimes the change of shape is temporary, as in the suspension spring

in the mountain bike (Figure 2.11a). Scmatimes the shape of the object is
permanently changed, like a crushed can or a car that has collided with
another object. A temporary change of shape may provide a useful way of
absorbing and storing energy, as in the spring in a clock (Figure 2.11b). A
permanent change may mean the failure of a structure ke a bridge to suppeart
a load. Next we will look at temporary changes in the lengths of springs and
elastic bands.

TEMPORARY CHANGES OF SHAPE

If you apply a force to an elastic band, its shape changes - the band stretches
and gets longer. All materials will stretch a little when you put them under
tension (that is, pull them) or shorten when you compress or squash them. You
can stretch a rubber band quite easily, but a huge force is needed to cause a
noticeable extension in a piece of steel of the same length,

Some materials, like glass, do not change shape easily and are brittle, breaking
rather than stretching noticeably. Elastic materals do not break easily and tend
to return to their original shape when the forces acting on them are removed,
like the spring in Figure 2.11b. Other materials, like putty and modelling clay,
are not elastic but plastic, and they change shape when evan quite small
forces are applied to them,

We will look at elastic materials, like rubber, metal wires and metals formed
into springs, in the next part of this chapter,

SPRINGS AND WIRES

Springs are coiled lengths of certain types of metal, which can be stretched
or compressed by applying a force to them. They are used in many different
situations. Sometimes they are used to absorb raised bumps in the road as
suspension springs in a car or bicycle. In bads and chairs they are used to
make sleeping and sitting more comfortable. They are also used in door locks
to hold them closed and to make doors close automatically.

To choose the right spring for a particular use, we must understand some
important features of springs. A simple experiment with springs shows us that:

Springs change length when a force acts on them and they return to their
original fength when the force is removed.

Thiz is true provided you do not stretch them too much. If springs are stretched
beyond a certain point they do not spring back to their original length.

Robert Hooke discovered another impeortant property of springs. He used
simple apparatus like that shown in Figure 2.12.

Hooke measured the increase in length (extension) produced by different load
forces on springs. The graph he obtained by plotting force against extension was
a straight line passing through the origin. This shows that the extension of the
spring is proportional to the force. This relationship is known as Hooke's law,
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ACTIVITY 1

¥ PRACTICAL: INVESTIGATE HOW THE EXTENSION OF A
SPRING CHANGES WITH LOAD

Figure 2.13a shows apparatus that may be used to investigate the
relationship between the force applied to a spring and its extension.

The length of the unstretched spring is measured with a half-metre
rule then the spring is loaded with different weights. The extension for
each load is measured against a scale using a set square to improve
meaasurement accuracy.

A table of results is recorded and a graph of load force against extension
plotted as shown in Figure 2.13b. The extension measurements can be
checked by unloading the weights one at a time and remeasuring the
extension for each load.

A Figure 2,12 Robert Hooka (1635=1703) was b
a contemporary of Sir lsaac Newlon. This is " X
a drawing of the apparatus Hooke used in ::“ m*:‘ o
. . L~
h|5.amnm.&mal work on the extension of a measure the E
5pring. extension of
thespring =
accurately E
- make sure the
ruld is vertical
o =
0 extansion/m
Wear eye protection if heavy loads are
being used and clamp stands sacuraly A Figure 2.13 a Apparatus for the investigation b Graph showing expected result
to a bench ar table, Keep hands and H ! : i
feat away from beneath the load. Do Here the result is a straight line graph passing through the origin of the
not use excessively large loads. axes. The spring obeys Hooke's law.

Hooke's law only applies if you do not stretch a spring too far. Figure 2.14
shows what happens if you stretch a spring too far. You can see that the line
starts to curve at a point called the limit of proportionality. This is the point
where the spring stops obeying Hooke's law and starts to stretch more for
each increase in the load force. If the load is increased more, a point called the
elastic limit is reached. Once you have stretched a spring beyond the elastic
limit it will not return to its original length as you take the weights off the spring.

limit of
g Dl'ﬂmﬂﬂm' o

3 elastic limit

: if the spring is streiched beyond
Itz alastic limit i1 will not retum 1o
its starting length when the weights
are pemaved

extensionm
A Figure 2,14 Graph of load v extension showing spring geing bayond elastic imit
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Hooke's law also applies to wires. If you stretch a wire, you will find that the
extension is proportional to the load up to a certain load then it may behave as
the spring shown in Figure 2.14. Wires made of different metals will behave in
different ways — some will cbey Hooke's law until the wire breaks; other types
of metal will stretch elastically and then plastically before breaking.

ELASTIC BANDS

Wear eve protection bacause if the
alastic band breaks it can fly back with
encugh energy 1o cause serous ayea
damage.

Figure 2.15 Strefching an elastic: kand

Elastic bands are usually made of rubber. You can use the same apparatus
shown in Figure 2.13a to investigate how an elastic band stretches under load.

A wire that stretches elastically will
retum o its original length once the
stretching force is removed. A wire that
stretches plastically will not retwm to

If you stretch an elastic band with increasing load forces, you get a graph
like that shown in Figure 2.16. The graph is not a straight line, showing that
elastic bands do not obey Hooke's law. You may also find that the extension

its ariginal langth once the stretching produced by a given load force is different when you are increasing the load
force is removed and may show signs force to when you decrease the load force.
of narrowing (necking).

Icamd Tonca

0 "
0 extansion

Figure 2.16 Rubber bands do not obey Hooke's law — the extension is not directly proportional to
the fence causing it
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CHAPTER QUESTIONS More questions on forces can be found at the end of Unit 1 on page 55.

m CRITICAL THINKING 3" 1 Mame the force that:
a causes objects to fall towards the Earth
b makes a ball rolled across level ground eventually stop
& stops a car sinking into the road surface.

[p]

MName two types of force that oppose motion.

PROBLEM SOLVING 3 The drawing shows two tug-of-war teams. Each person in the red team is
pulling with a force of 250 N. Each person in the blue team is pulling with a
force of 200 N.

o

a What is the total force exerted by the blue team?

b What is the total force exerted by the red team?

: D © What is the resultant (unbalanced) force on the rope?
o Which team will win?

m INTERPRETATION 4 The diagram below shows a block of wood on a sloping surface. Copy the
diagram and label all the forces that act on the block of wood.

block ﬁ%

5 A caris travelling along a level road at constant velocity (that is, its speed
and direction are not changing). Draw a labelled diagram to show the forces
that act on the car.

& Describe two things that it would be impossible to do without friction,

LT AT E I CRITICAL THINKING
m INTERPRETATION

i o

Copy the diagrams below and label the direction in which friction is acting
on the objects.

//I%

a a book on a sloping b a block of wood being
surface pulled up a slope

a B The drawing below shows a car pulling a caravan. They are travelling at
constant velocity.

a Copy the drawing. Label the forces that are acting on the caravan with
arrows showing the direction that they act in.
b Label the forces that act on the car.
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m INTERPRETATION
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9 The information in the following table was obtained from an experiment with
a spring of original (unstretched) length 5 cm.

Load force on spring Length of spring Extenszion of spring
newtons fom focm

] 5.0
2 58
4 6.5
G 74
8 8.3
10 8.7
12 128
a Copy and complete the table by calculating the extensions produced by

each load.
b Use your table to plot a graph of force (y-axis) against extension (x-axis).

© Mark on your graph the part that shows Hooke's law.

d Sketch the shape of the graph you would expect if you carried out the
same experiment using an elastic band instead of a spring.
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3 FORCES AND MOVEMENT

The way an object moves depends upon its mass and the unbalanced force acting upon it. In this chapter you will find out
how forces affect the way an object will move, particularly in the context of car safety.

A Figure 3.1 a This abreraft has enly a shorl distance fo travel before taking off and b a very short distance to land back on the aincrafl carmier.

LEARNING OBJECTIVES

Know and use the relationship between unbalanced Know that the stopping distance of a vehicle is made
force, mass and acceleration: up of the sum of the thinking distance and the braking
distance

force = mass = acceleration
Describe the factors affecting vehicle stopping
distance, including speed, mass, road condition and
Know and use the relationship between weight, mass reaction time

and gravitational field strength:

F=mxa

Describe the forces acting on falling objects {and
weight = mass :« gravitational field strength explain why falling objects reach a terminal velocity)

W=m=x=g

The aircraft in Figure 3.1 must accelerate to a very high speed in a very short
time when taking off and decelerate quickly when landing back on the aircraft
carrier. The unbalanced force on the plane causes the acceleration. The forces
that act horizontally on the aircraft are the friction force between the wheels
and the flight deck (where planes land on a ship), and air resistance, when the
aircraft starts to move. At the start, the forward thrust of the aircraft engines

is much greater than air resistance and friction, so there is a large unbalanced
force to cause the acceleration. When the aircraft lands on the flight deck it
must decelerate to stop in a short distance. Parachutes and drag wires are
used to provide a large unbalanced force acting in the opposite direction to
the aircraft’s movement. An unbalanced force is sometimes referred o as a
resultant forca. In this chapter we look at how acceleration is related to the
force acting on an object.
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FORCE, MASS AND ACCELERATION

An object will not change its velocity (accelerate) unless there is an unbalanced
force acting on it. For example, a car travelling along a motorway at a constant
speed is being pushed along by a force from its engine, but this force is
needed to balance the forces of friction and air resistance acting on the car, At
a constant speed, the unbalanced force on the car is zero.

If there are unbalanced forces acting on an object, the object may accelerate or

decelerate depending on the direction of the unbalanced force, The acceleration
depends on the size of the unbalanced force and the mass of the object.

forca / - " "-.__ forea :
F - \ F
e mass |
\ i //
e

— -
small acceleration large accalaration

a When the same force is applied to objects with differant mass,
the smallar mass will experience a greafter accelaration.

big force small force
el i

- T

large acceleration small accelaration

b Difereni-sized forces are applied to objects with the same mass,
The small fores produces a smaller acceleration than the lange force,

A Figure 3.2 The acceleration of an object is affected by both its mass and the force applied to it

The experiment shown in Figure 3.3 shows how the relationship between
ACCELERATION force, mass and acceleration can be investigated. It uses a trolley on a slightly
sloping ramp. The slope of the ramp is adjusted so that the trolley keeps
moving down it if you push it gently. The slope is intended to overcome the
friction in the trolley's wheals that could affect the results.

trolley mykan line puliay

ﬁaw waaden runways nead to be
stacked and moved carefully. They are
bast used at low level rather than being
placed on benches or tables whare
they may fall off. If heavy trolleys are
used as 'vehicles’, a ‘catch box” fillad
with bubble wrap or similar material
should ba placed at the end of the
TLIMMAELY.

A Figure 3.3 You can use a trolley to find the accaleration caused by a particular force.

The force acting on the trolley is provided by the masses on the end of the
nylon line. These masses accelerate as well as the trolley, so the force is
increased by transterring one of the masses from the trolley to the mass
hanger (Figure 3.3b). This increases the pulling force (explained later in this
chapter) on the trolley, while keeping the total mass of the system the same.
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The acceleration of the trolley can be measured by taking a series of pictures
at equal time intervals using a digital video camera. Altemnatively, a pair of light
gates and a data logger can be used to find the speed of the trolley near the
top of the ramp and near the end. The equation on page 9 can then be used to
work out the acceleration.

EXTENSION WORK

The acceleration can be found using a digital video camera by measuring the
distance travelled from the start for @ach image. Since the time between sach
image is known, a graph of displacement against time can be drawn. The gradient
of the displacement-time graph gives the velocity at a particular instant, so data
for a velocity—time graph can be obtained. The gradiant of the velocity=time graph
produced is the acceleration of the trolley.

i .
) farce, F
A Figure 3.4 Force is proportional to acceleration,

Figure 3.4 shows a graph of force against acceleration when the mass of the
trolley and hanging masses is constant and the accelerating force is varied.

The graph is a straight line passing through the origin, which shows that:
force is proportional to acceleration

F=a
So doubling the force acting an an object doubles its acceleration.

In a second experimant, the accelerating force is kept constant and the mass
of the trolley is varied.

L

F
i
£
%
Q
o 1

mass, m
A Figure 3.5 Acceleration is inversely proportional to mass,

Figure 3.5 shows the acceleration of the trolley plotted against 15 This is also
a straight line passing through the origin, showing that:

acceleration is inversely proportional to mass

1
E'IE

This means that for a given unbalanced force acting on an object, doubling the
mass of the object will halve the acceleration.
Combining these results gives us:
force, F (N) = mass, m (kg) = acceleration, 2 (m/s?)
F=m=xa

| ==

£ 3
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0 .
o Mass, m

A Figure 3.6 The graph of 2 against misa
curve. Plotting & amirm%r (while keeping
the force constanty gives a straight line. This
makes it easier o spot the way that a is
affected by m,
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Force is measured in newtons (M), mass is measured in kilograms (kg), and
acceleration is measured in metres per second squared (m/s?). From this we
sae that:
One newlon is the force needsd to make & mass of one kilogram
accelerate at one metre per second sguared.

[\

A Figure 3.7 The equation can be rearranged using the triangle mathod, Il you need to find the
acceleration that results when a known force acts on an obiect of known mass, cover up a; you

R
-:-ansaEIhala-—E.

HINT

If an examination guestion asks you to write out the equation for calculating force,
mass or acceleration, always give the aclual equatior (such as F = m = ). You may
nat get the mark if you just draw the triangle.

DECELERATION IN A COLLISION

REMINDER

v is the final velogity, u is the initial
velocity and t is the time for the change
in velocity to take place.

REMINDER

Tha minus sign in Exampla 1 for
velocity change indicates that the
velocity has decreased.

If you are designing a car for high acceleraticn, the equation F = ma tells
you that the car should have low mass and the engine must provide a high
accelerating force. You must also consider the force needed to stop the car.

When a moving object is stopped, it decelerates.
A negative acceleration is a deceleration,

If a large deceleration is needed then the force causing the deceleration must
be large, too, Usually a car is stopped by using the brakes in a contralled way
50 that the deceleration is not excessive (too much). In an accident the car
may collide with another vehicle or obstacle, causing a very rapid deceleration.

A car travelling at 20 m/s collides with a stationary lorry and stops
completely in just 0.02 s. Calculate the deceleration of the car.

change in velocity
time taken

V=L
e

_0mfs- 20m/s

0.02s
2 =20 m's
0.02s5

= -1000 m/fs?

(see page 9)

acceleration =

A person of mass 50 kg in the car experiences the same deceleration when
she comes into contact with a hard surface in the car. This could be the
dashboard or the windscreen, Calculate the force that the parson experiences.

F=mxs
= 50 kg = 1000 m/s?
= 50000 M

In Chapter 4 you will learn about ways in which cars can be designed to
reduce the forces on passengers in an accident.
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FRICTION AND BRAKING The “tread” of a tyre is the grooved pattern moulded into the rubber surface.

It is designed to keep the rubber surface in contact with the road by throwing
water away from the tyre surface,

Brakes on cars and bicycles work by increasing the friction between the
rotating wheels and the body of the vehicle, as shown in Figure 3.8.

The friction force between the tyres and the road depends on the condition
of the tyres and the surface of the road. It also depends on the weight of the
yehicle. If the tyres have a good tread, are propery inflated (filled with air) and
the road is dry, the friction force batween the road and the tyres will be at its
maximum.

Unfortunately, we do not always travel in ideal conditions. If the road is wet or
the tyres are in bad condition the friction force will be smaller. If the brakes are
applied too hard, the tyres will not grip the road surface and the car will skid
{slide out of control). Once the car is skidding the driver no longer has control
and it will take longer to stop. Skidding can be aveided by applying the brakes
in the correct way, so that the wheels do not lock. Most modern cars are fitted
with ABS (anti-lock braking system) to reduce the chance of a skid occurring.
ABS is a computer-controlled system that senses when the car is about to skid
and releases the brakes for a very short time.

SAFE STOPPING DISTANCE The Highway Code used in the United Kingdom gives stopping distances

for cars travelling at various speeds. The stopping distance is the sum of the
thinking distance and the braking distance. The faster the car is travelling the
greater the stopping distance will be,

A Figure 3.8 Motorcycle disc brakes work using
friction. Friction is necessary if we want
things to stop.

THINKING DISTANCE

When a driver suddenly sees an object blocking the way ahead, it takes time
for him or her to respond to the new situation before taking any action, such as
braking. Thiz time is called reaction time and will depend on the person driving
the car. It will also depend on a number of other factors including whether the
driver is tired or under the influence of alcohal or other drugs that slow reaction
times. Poor visibility (for example, fog) may also make it difficult for a driver to
identify a danger and so cause him or her to take longer to respond. Clearly,
the longer the driver takes to react, the further the car will travel before braking
even starts = that is, the longer the thinking distance will be, Equally clear is
the fact that the higher the car's speed, the further the car will travel during
this ‘thinking time', If the distance between two cars is not at least the thinking
distance then, in the event of an emergency stop by the vehicle in front, a
violent accident is inavitable,

20 miph (32 kph) [50e=>TT = 12 matres [ thinking distance
& matras & matres ™

30 mph (48 kph) [T ST - 23 metres [ braking distance
9 metres 14 meires

40 mph (&4 kphl = e = 38 matres
12 matres 24 matras

50 mph {80 kph) e = 53 matras
15 mdtres 33 rrtnes

60 mph (96 kph) - - = T meres

18 metres 55 meiras

70 mph {112 kph) [ T ' RS = 96 metres

21 metres 75 metras
A Figure 3.9 The stoppling distance is the distance the car covers from the moment the driver is aware of the need to stop to the peint
at which the vehicle comes to a complete stop.
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BRAKING DISTANCE

With ABS (anti-lock braking system) braking, in an emergency you brake as
hard as you can. This means that the braking force will be a maximum and we
can work out the deceleration using the equation below.

F=m = a, rearranged to qgive:
_F Lo
8= {shown in Figurs 3.7)

It Is worth pointing out here that vehicles with large masses, like lorries,
will have smaller rates of deceleration for a given braking force - they will,
therefare, travel further while braking.

Chapter 1 shows that the distance travelled by a moving object can be found
from its velocity-time graph. The area under the graph gives the distance
travelled. Look at the velocity~time graphs in Figures 3.10 and 3.11.

car A car B
& L

steaper gradient - shallower gradient =
higher deceleration Iwer deceleration

e B

¥y

wirlocity, v

¥

tima, ¢

A& Flgure 3.10 Vielocity-time graphs for bwo cars braking at differant rates from the same spead, v,
1o nest.

Figure 3.10 shows two cars, A and B, braking from the same velocity. Car A

is braking harder than car B and comes to rest in a shorter time, Car B travels
further before stopping, as you can see from the larger area under the graph.
Remeamber that the maximum rate of deceleration depends on how hard you
can brake without skidding = in poor conditions the braking force will be lower.

carG car D

same gradient in each graph —

SO S R R e RS PR S

wilociy, ¥

vislocity, v

¥

time, t tirme,

A Figure 3.11 Velocity=time graphs for twa cars braking at the same rate to rest, from different

speeds, vy and vy
Figure 3.11 shows two cars, C and D, braking at the same rate, as you can see
from the gradients. Car C is braking from a higher velocity and so takes longer
to stop. Again, the greater area under the graph for car G shows that it travels
further whilst stopping than car D.
Vehicles cannot stop instantly! Remember also that the chart in Figure 3.9
shows stopping distances in ideal conditions. If the car tyres or brakes are in
poor condition, or if the road surface is wet, icy or slippery, then the car will
travel further befare stopping.




34 FORCES AND MOTION

FORCES AND MOVEMENT

WEIGHT

The weight of an object is the force that acts on it because of gravity. The
weight of an object depends on its mass and the strength of gravity. The
gravitational field strength (g) is the force that acts on each kilogram of
mass. We can work out the weight of an object by using this equation:

weight, W (M) = mass, m (kg) » gravitational field strangth, g (N/kg)
W=mxg
You can use the triangle method 1o rearrange this eguation.

[\

Figure 3,12 Rearranging W= m = gusing the triangle method

Near and on the Earth's surface the gravitational field strength is approximately
8.8 N/kg, but we often use 10 N/kg to make calculations easier. The gravitational
field strength on the Moon is about 1.8 N/kg, 50 an object taken from the Earth
to the Moon will have less weight even though it has the same mass.

Figure 3.13 An astranaut jumping on the Maon enjoying the effect of low gravity

An astronaut in a space suit with a complete life support pack has a mass
of 140 kg. How much will the astronaut weigh a on the Earth, and b on
Mars where the gravitational field strength is about one third of that on
Earth? (Take the strength of the Earth’s gravitational field as 10 Nfkg.)

The force of gravity or weight of an object is given by:
weight, W = mass, m = gravitational field strength, g
a weight on Earth = 140 kg = 10 N/kg

= 1400 N

10MN/kg
3
weight on Mars = 140 kg = 3.34 N/kg
=468 N

=3.34 N/kg

b g on Mars =
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a— how the graph

T would look with
negligible air
terminal resistance
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o time, £

& Figure 3.15 The velocily-time graph for an
object accelarating until it reaches terminal
velocity
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AIR RESISTANCE AND TERMINAL VELOCITY ,

An object maving through air experiences a force that opposes its movement.
This force is called air resistance or drag. The size of the drag force acting

on an objact depends on its shapea and its speed, Cars are designed to have
a low drag coefficient. The drag coefficient is a measure of how easily an
object moves through the air. High-speed trains have an efficient streamlined
shape so that air flows more smoothly around them. Streamlined, smooth
surfaces produce less drag.

It is particularly important to make fast-moving objects streamlined because
the drag force increases with the speed of the object. The fact that drag
increases with speed affects the way that dropped objects accelerate,
because the faster they move the greater the drag force opposing their motion
becomes.

Objects falling through the air experience two significant forces: the
weight force (that is, the pull of gravity on the object) and the opposing
drag force.

velocity =0 velocity increasing therefore drag
therefore drag farce, Fp. increasing
force, F-D =l
¥ -3 % Fal \ & b
\all - Ll
\'x_ L .\‘w-\_ 4
Fp = mg 50
acceleration =0
waight, mg welght, mg weight, mg
a at the point of release b accelerating G al terminal velocity

& Figure 3.14 How the forces acting on a object change a5 its velocity changes

In Figure 3.14a the object has just been released and has a starting velocity of
0 m/s. This means that there is no drag. (Remember that the drag force acts on
maving objects.) The resulting downward-acting force is just the weight force.
This force makes the object accelerate towards the Earth.

Figure 3.14b shows the object now moving. Because it is moving it has a drag
force, Fg, acting on it. The drag force acts upwards (up) against the movemaent.
Thiz means that the resulting downward force (acting down) an the object is
{mg = Fpl. Wou can see that the drag force has made the resulting downward
force smaller, so the acceleration is smaller. All the time that the object is
accelerating it is getting faster. The faster the object moves the bigger the drag
force is.

In Figure 3.14¢ the drag force has increased to the point where it exactly
balances the weight force - since there is now no unbalanced force on the
object its acceleration is also zero. The object has reached its terminal velocity
and although it is still falling it will not get any faster. Figure 3.15 shows a
velocity-time graph for an object falling through air and reaching terminal
velacity.
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Figure 3,16 These skydivers have just left the aeroplane. They will accelerate until they reach
terminal velocity.

When a skydiver jumps from a plane she will accelerate for a time and
eventually reach terminal velocity. Typically this will be between 150 and
200 kph, When she opens her parachute this will cause a sudden increasa
in the drag force. At this velocity (around 200 kph) the drag force of the
parachute is greater than the weight of the skydiver. This means that the
unbalanced force acting on the parachutist acts upwards and, for a while, she
will decelerate. As she slows down the size of the drag force decreases and,
eventually, a new terminal velocity is reached. Obviously the new terminal
velocity depends on the design of the parachute, but it must be slow enough
to allow the parachutist to land safely. Figure 3.17 shows a velocity-time graph
for a skydiver.
parachute

& opens

free-fall teeminal velocity

velocity, v

terminal welacity with
parachule open

0 tima,

v Figure 3.17 Vilocity=time graph for a free-fall parachutist reaching terminal vebocity, then opening
the parachute

MODELLING TEHHHH.L VELOCITY Objects have to accelerate to quite high speeds in air to reach terminal

velocity. This makes demonstrating the effect in a laboratory difficult. However,
objects falling through liquids also experience a drag force that increases

with speed, The sizes of drag forces in liquids are much higher than in gases.
This means that objects falling through liquids have a much lower terminal
velocity than objects falling through air, and can be used to model terminal
velocity, You can use a tall measuring cylinder filled with water and drop
small-diameter (1-2 mm) glass balls into it. Alternatively, use a much thicker
liquid like oil and use small-diameter balls. As well as demonstrating terminal
velocity this presents plenty of opportunities for investigations. You could
rmeasure the terminal velocity using a light gate and a data |ogger.



FORCES AND MOTION FORCES AND MOVEMENT 37

LOOKING AHEAD - WEIGHTLESSNESS

e
"

& Figure 3.18 Scientists in the
International Space Station experience
weightfessness

i Figura 3.19 Astranauts training for welghliessness in an aircrafi

Figures 3.18 and 3.19 show astronauts in ‘weightless’ conditions in the
International Space Station and training for weightlessness In an aircraft. In
both cases the astronauts are still being pulled towards the Earth by gravity.
Thay all experience the force we call weight, calculated using the equation
myg that we met earlier in Chapter 3, yet they appear to float freely!

They are in a condition called free-fall. You may have noticed feeling very

slightly flighter' when you are in a lift as it accelerates downwards. This
effect is more noticeable if the lift accelerates at a greater rate, Further

study of physics will explain all this.

Exploring the Solar System

Sir Izaac Newton worked out his laws of mation more than 300 years

ago. Although Albert Einstein explained that these laws do not hold when
objects are travelling at speeds close to the speed of light (3 = 10* m/s),
Mewton's laws give answers to calculations accurate enough for scientists
to plan successful space missions like the Moon landing in 1969, the
Phoenix lander to Mars in 2007 and the incradible achievement of landing
the Philae lander (carried by the Rosetta spacecraft) on a comet in 2014,

If you look at Example 1 in Chapter 4 (based on the Saturn V rockats
usad in the Moon missions) the answer abtained using equation

increase in momentum

force = -
time taken o
of reasons for this: one is to do with air resistance, mentioned earlier in

Chapter 3; another is to do with what is happening to the rocket as it uses
up its fuel,

Understanding these allows physicists to apply the laws of motion more
accurately,

is not very accurate. There ara a number
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CHAPTER QUESTIONS More questions on force and acceleration can be found at the end of Unit 1 on

page 53.
1A (WE R CRITICAL THINKING !” 1 Explain what is meant by an unbalanced force? lllustrate your answer with
an example,
| skiLLs TETTTE .w) 2 Rockets bum fuel ta give them the thrust needed to accelerate. As the fuel

burns the mass of the rocket gets smaller. Assuming that the rocket motors
provide a constant thrust force, explain what will happen to the acceleration
of the rocket as it bums its fuel,

T — Q) 3 a Caleulate the force required to make an object of mass 500 g accelerate
at 4 m/s?. (Take care with the units!)

b An object accelerates at 0.8 m/s® when a resultant force of 200 M acts
upan it. Caloulate the mass of the object.

© What acceleration is produced by a force of 250 N acting on a mass of
25 kg?
m CRITICAL THINKING !) 4 Explain the meaning of the following terms used to describe stopping
vehicles in an emergency:
a thinking distance
b braking distance
o aoverall stopping distance,

ID 5 What factors affect the braking distance of a vehicle?

m ANALYSIS & The diagram below shows the velocity-time graph for a car travelling from
the moment that the driver sees an object blocking the road ahead.

valocity, wim's

Use the graph to find out:
a how long the driver takes to react to sesing the obstacle (reaction time)

b howy far the car travels in this reaction time
¢ how long it takes to bring the car to a halt once the driver starts braking
o the total distance the car travels before stopping.

7 GCalculate the weight of an apple of mass 100 grams:
a on the Earth (g = 10 N/kg)
b on the Moon (g = 1.6 N/kg).

o Srtarloats

i m PROBLEM SOLYING

What factors affect the drag force that acts on a high-speed train?

o’

AL CRITICAL THINKING
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AW DECISION MAKING D o Describe an experiment to demonstrate terminal velocity. Say what
measurements you need to take in your experiment to show that a falling

object has reached terminal speed.
‘9 10 Look at the velocity-time graph for a free-fall parachutist shown below.

A

L1 A [ AMALYSIS

velocity, v

time, ¢

State and explain the direction and relative size of the unbalanced force
acting on the parachutist at each of the points A-F labelled on the graph.
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PHYSICS ONLY

MOMENTUM

[ PHYSICS ONLY |
4 MOMENTUM

Momentum is possessed by masses in motion — it is calculated by multiplying the mass of an object by its velocity. In this
chapter you will learn that, when objects speed up or slow down, the rate of change of momentum is proportional to the
force causing the change. You will also see that momentum is conserved in collisions and explosions.

A Figure 4.1 Newlon's cradle

LEARNING OBJECTIVES

Know and use the relationship between momentum, LUse the relationship between force, change in

mass and velocity:
momentum = mass = velocity

P= M=V

Use the idea of momentum to explain safety features

Use the conservation of momentum to calculate the

momentum and time taken:
_ change in momentum
force = .
time taken
(e — mu)
F= ; :

Demonstrate an understanding of Newton®s third law

mass, velocity or momentum of ohjects

Do not confuse momentum, a property
of moving masses, with moment, the
turning effect of a force.

IE_ Mewton's cradle s an entertaining toy but it also demonstrates a physics
conservation law. When one of the balls is drawn back a short way and

released, it swings and collides with the remaining group of balls. After the
impact the ball at the opposite end springs away and swings out as far as the
first ball was drawn back to start with. If two balls are drawn back and released
then two balls will move away at the opposite end as the collision oocurs.
The moving ball has momentum, and momentum is conserved in collisions.
This chapter is about momentum and what is meant by conservation of
momentum.,

MOMENTUM

We talk about objects ‘gaining momentum’ in everyday speech. When we say
this we are usually trying to get across an idea of something becoming more
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difficult to stop. Sometimes we use the word in a way that is very close to the
way it is defined in physics - for example, if a car starts rolling down a hill we
might say that the car is ‘gaining momentum’ as it speeds up.

In physics, momentum is a quantity possessed by masses in motion.
Momentum is a measure of how difficult it is to stop something that is moving.
We calculate the momentum of a moving object using the equation:

momentum, p (kg m/s) = mass, m (kg) = velocity, v (m/s)
pP=mxy

Momentum is a vector quantity and is measured in kilogram metres per
second (kg mis) — provided that mass in the above equation is measured in kg
and wealocity in m/s,

You can see from the equation that the mora mass an object has, the more
momenturmn it will have when maving. The momentum of a moving object also
increases with its spead,

MOMENTUM AND ACCELERATION

We have already discussed the relationship F = m = a [see page 30}, This
relationship was first discussed by Sir lsaac Mewton (1642=1727). A more
precise statement of Newton's discovery would be that when an unbalanced
force acts on an aobject it causas a change in the momentum of the object in the
direction of the unbalanced force. Newton discoverad that the rate of change

of momentum of an object is proportional to the force applied to that object.
This means that if you double the force acting on an object its momentum will
change twice as quickly. Figure 4.2 shows the effect of the thrust force on the
velocity of a space shuttle, and, therefore, on its momantum.

a b c
Initial vedocity, 4 mis > torce, F, Cousing acosleration final vedocity, v m's

im kg thrust, F, applied for tinee, [ seconds m kg

A Figure 4.2 The thrust of the rocket motor makes the vetocity and, therefore, the momenturn of the shutie increase,

initial momeantum of object = mu
final mamenturn of object = mv

therefore, increase in momentum = my — mu

{mv = mu)
t
As stated above, Newton identified a proportional relationship between the

rate of increase of momentum and the force applied, but with the system of
units we use the relationship appears as shown:

s0, rate of increase of momentum =

change in momentum irv = mej
time taken, t

Fa mv;mu

force, F=

a
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If wou look at this equation yvou will notice it can be rearranged to give the more
familiar equation F = ma:

F= mv-—f-mu
_ miv=u
t
since @:a
then F =ma

The rearrangerment is possible because we have assumed that the mass of the
object involved is constant. This will not always be the case in real situations =
for example, when a space shuttle is launched the mass of the rocket changes
continuously as fuel is burned and rocket stages are jettisoned. Rocket
scientists also have to include air resistance in their calculations. However, you
will not meet problems like this at International GCSE level,

EXAMPLE 1

The first stage of the type of rocket used in Moon missions provides an
unbalanced upward {away from the Earth) force of 30 MM and burns for
2.5 minutes. |

a GCalculate the increase in the rocket’s momentum that results.

b If the rocket has a mass of 3000 tonnes what is the velocity of the
rocket after the first stage has completed its ‘burn?

(Take care to convert units into N, kg and 5. 1 MN = 108 N: 1 tonne =

1000 kg)
a The equation F = M is another that can be rearranged using the
triangle.

A Figure 4.3 Rearranging the change in momentum = /= { equation using the triangle method

We want the change in momenturm (at the top of the triangle) so it is at the
battom of the trhangle:

Fxt=3x10"N)x (2.5 x 80 s)
increase in momentum is 4.5 x 107 kg m/s

b The rocket starts from rest, u = 0, therefore the initial momentum (mu) is
0. This means that the increase in momentum is mv = 4.5 = 107 kg m/s.
Divide this by mass, m = 3 x 10° kg, to give:

_ 4.5 x 10%kgmis
T 3x10°g

=15 = 10*Fm's
As we have seen above this has been calculated with the mass of the rocket

staying the same. In a real launch fuel is used up so the mass of the rocket will
decrease and the calculation would be harder.
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The tarm impulse is used for the
product (force « time),
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MOMENTUM AND COLLISIONS

The total momentum of objects that collide remains the same:
momentum before the collision = momentum after the collision

You will need to use this to work out what happens to objects that collide
when they are moving along the same straight line.

You will not need to learn the following explanation for the exam, but you do need to
understand Mewton's thind law. You will see this again later in this chapter.

We can express the above equation in terms of momentumn change, as follows:
force = time = increase in momentum

This simply says that a bigger force applied to an object for a longer time will result
in & greater change in the momentum of the object.

Consider what happens when two balls collide, as shown in Figure 4.4,

a b
u m.l’% stationary my  my
\ 4 force on A, forca on B
m'lli @ %
A B A B
c
¥y MY ¥y mis
. ——
__ 90
A B

A Flgure 4.4 a Moving ball &, mass my, rolls towards statienary bail B, mass aw; b During the
Impact each ball exerts a force on the other - equal in size and opposite in direction; ¢ The
balls after the collision.

During the time the two balls are in contact each exerts a force on the other
(Newton's third law about action and reaction, see page 46). The forces act in
opposite directions and abviously act for the same amount of time. This means that
F o« t for each is the same size, but opposite in direction,

The increase in momentum of ball B is exactly balanced by the decrease in
momenturmn of ball A, so the total momentum of the two balls is unchanged
before and after the collision = momentum is conserved.

In any system, momentum is always conserved provided no extemnal forces act on
the system. This means that when two snooker balls collide the momentum of the
balls is conserved if no friction forces act on them. The presence of friction means
that the balls will eventually slow down and stop, thus ending up with na momeantum,
Although the balls have ‘lost’ momentum something else will, inevitably, have

gained an equal amount of momentum| As the balls are slowed by the friction of the
snooker table they, in tum, cause a friction force to act on the table. The table gains
soma momentum. However, the large mass of the table means that the effect is

unnaoticaable,
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A railway truck with a mass of 5000 kg rolling at 3 mv's collides with a
stationary truck of mass 10000 kg. The trucks join together. At what speed
do they move after the collision?

We shall assume that friction forces are small enough to ignore, S0 wa can
apply the law of conservation of momentum;

mamentum before the collision = momentum after the collision

a before collision b after collision - trucks now jeined tagether

A Figure 4.5 Railway trucks in collision

so, momentum of A before collision + momentum of B before collision
= mementum of A and B moving together after collision

frry = ) + fmy x O mis) = (my + i) = v

where m, is the mass of truck A, v is its velocity before the collision, m, is
the mass of truck B (at rest before the collision so its velocity is 0 m/s), and
v is the velocity of the two trucks after the collision.

Substituting these values gives:
(5000 kg = 3 m/s) + (10000 kg = 0 m/s) = (5000 kg + 10000 kg) = v

_ 15000 kgm/s
~ 15000 kg

After the collision the trucks move with a velocity of 1 m/s in the same
diraction that the original truck was travelling,

=1mfs

EXPLOSIONS

A Figure 4.6 A shuttle launch

The conservation of momeantum principle can be applied to explozions.
An explosion involves a release of energy causing things to fly apart. The
momentum before and after the explosion is unchanged, though there
will be a huge increase in movement energy. A simple demonstration

of a safe ‘explosion’ iz shown in Figure 4.6, You might think that the
reckeat in this photo is taking off because the rocket motor is pushing
against the ground, but rockets work in space where there is nothing to
push against.

Rocket motors use the principle of conservation of momentum to propel
spacecraft through space. They produce a continuous, controlled explosion
that forces large amounts of fast-moving gases (produced by the fuel
burning) out of the back of the rocket. The spacecraft gains an egual
amount of momentum in the opposite direction to that of the moving
exhaust gases,

You can see the same effect if you blow up a balloon and release it without
tying up the endl
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CAR SAFETY

In Example 1 on page 31 you saw that the force on a person in a car crash can
be very large. In that example, the force was worked out from the decelaration
in & crash. You can also work out the force in a crash using the equation for
momentum.

Steap roads often have escape lanes filled with deep, soft sand. The soft sand
slows heavy lomies that are out of control slowly — by making time, ¢, for the
lorry to stop longer, the force, F, slowing the lormry is smaller and the drivar is
less likely to suffer serious injury,

A car travelling at 20 m/s collides with a stationary lorry and is brought
to rest in just 0.02 5. A warnan in the car has a mass of 50 kg. She
experiences the same deceleration when she comes into contact with a
hard surface in the car (such as the dashboard or the windscreen). What
force does the person experience?

X change in momentum
a time
(50 kg = 20 m/s) - (50 kg x 0 m/g]

force

0.02s

=50000 N

A Figure 4.7 Parts of cars are designed to crumple.

Cars are now designed with various safety features that increase the time
over which the car's momentum changes in an accident. Figure 4.7 shows
the safety features of a car being tested. The car has a rigid passenger cell or
compartmeant with crumple zones in front and behind, The crumple zones, as
the name suggests, collapse during a collision and increase the time during
which the car is decelerating. For instance, if the deceleration time in
Example 3 above is increased from 0.02 s to 1 5, then the impact causes a
much smaller force of just 1000 N to act on the passenger, greatly increasing
their chances of survival,

Crumple zones are just one of the safety features now used in modern cars

to protect the passengers in an accident. They only worl if the passengers
are wearing seat belts so that the reduced deceleration applies to their bodies
too, Without seat belts, the passengers will continue moving forward until they
come into contact with some part of the car or with a passenger in front, If
they hit something that does not crumple they will be brought to rest in a very
short time, which, as we have seen in Example 3, means a large deceleration
and, therefore, a large force acting on them.
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NEWTON’S LAWS OF MOTION
ovesonwon

Scientists use the word ‘law’ very Sir Isaac Mewton lived from 1842 to 1727. He made many famous discoveries and

cauticusly, Only when a hypothesis some important observations about how forces affect the way objects move. The

(idea) has been tested many times first observatian, called MNewton's first law, was:

independently by careful experiment is Y i ;

it raied to the status of a ‘law’. Einstein Eﬂjﬁ:;w“ alawe clow o clisnge iecton 4nkaes Yo AU

showed that in special situations ¥

Mewton's laws break down, but they Mewton didn't put it quite like that, of course! He said that a body would continue to

are still accurate enough to predict the move in a straight line at a steady speed unless a resultant (unbalanced) force was

way objects respond to forces with a acting on the body. If tha forces acting on an object are balanced then a stationary

high degree of accuracy. object stays in ane place, and a moving cbject continues to move in just the same
way as it did before the forces were applied. You have already met this idea in
Chapter 3.

Mewton then asked another abvious question: how does the acceleration of an
object depend on the force that you apply to itT Again Mewton's formal statement of
the answer (Mewton's second law) sounds complicated, but the basic findings ane
quite simple:

The bigger the force acting on an object, the faster the object will speed up.

Cibjects with greater mass require bigger forces than those with smaller mass to
make them speed up (accelerats) at the same rate,

The force referred to is the resultant foree acting on the object. This idea is also
coverad in Chapter 3. The relationship F = m = a is a consequencs of Newton's
sacond law.

The only law you you need to learn by name is Mewton's third law.

NEWTON'S THIRD LAW: ACTION In simple language Newton's third law might be stated:
AND REACTION )
When you push something it pushes you back just as hard, but in the

opposite direction.

It is usually stated as:
For avery action there is an equal and opposile reaction.

When you sit down, your weight pushes down on the seat. The seat pushes
Back on you with an equal, but upward, force. An experiment to give you the
idea of what this law means is shown in Figure 4.8.

In Figure 4.8, person X is clearly pushing person ¥ but it is not obvious that
Y is pushing X back. When both X and % move it is clear that X has been
affected by a force pushing him to the left. The force felt by X is the reaction
force.

A Figqure 4.8 For every action there iz an equal and opposite reaction,
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Look back at Figure 2.3 on page 19. The weight of the car is pushing down on
the ground. Although the weight is shown coming from the centre of gravity
of the car, it acts through the wheels pressing down on the ground. The total
reaction force from the ground acting upwards on the wheals is the same as
the weight of the car. It is this reaction force that stops the car sinking into the
ground.

It can sometimes be difficult to sort out action and reaction forces from
balanced forces, Balanced forces act in opposite directions on the same
object, Action and reaction forces also act in opposite directions, but are
always acting on different objects.

3

TR

xS

Lo

Mare questions on momentum can be found at the end of Unit 1 on page 55.

1 Work out, giving your answers in kgm/s, the momentum of the following
maving objects:
o a bowling ball of mass 6 kg travelling at 8 m/'s
b aship of mass 50000 kg travelling at 3 m/'s
& atennis ball of mass 60 g travelling at 180 km/h.

2 An air rifle pellet of mass 2 g is fired into a block of modelling clay mounted
on a model railway truck. The truck and modelling clay have a mass of
0.1 kg. The truck moves off after the pellet hits the modelling clay with an
initial velocity of 0.8 m/s.
a Calculate the momenturn of the modelling clay and truck just after the
collision.

b State the momentum of the pellet just before it hits the modelling clay.

o Use your answers to a and b to calculate the velocity of the pellet just
before it hits the modelling clay.

ol State any assumptions you macde in this calculation.

3 A rocket of mass 1200 kg is travelling at 2000 m/s. It fires its engine for
1 minute. The forward thrust provided by the rocket engines is 10kN
{10000 M).
o Use increase in momentum = F x t to calculate the increase in
rmamenturmn of the rocket.
b Use your answer to a to calculate the increase in velocity of the rocket
and its new velocity after firing the enginas.

4 Air bags are a safety feature fitted to all modem cars. In the event of
sudden braking an air bag is rapidly inflated with gas in front of the driver or
passenger.

a Dwoes the air bag remain inflated?

b Explain how the air bag protects the driver from more serious injury.

END OF PHYSICS ONLY



48 FORCES AND MOTION THE TURNING EFFECT OF FORCES

PHYSICS ONLY

5 THE TURNING EFFECT OF FORCES

A force can have a turning effect — it can make an object turn around a fixed pivol point. When the anticlockwise tuming
effects of forces are balanced by turning forces in the clockwise direction, the object will not tum — it is in balance.
a ol . .

A Figure 5.1 Turning effects are used in msny places, such as in a the see-saw, and b the cranes.

LEARNING OBJECTIVES

Know and use the relationship between the moment of a Use the principle of moments for a simple system of
force and its perpendicular distance from the pivot: parallel forces acting in one plane

moment = force = perpendicular distance from the pivot Understand how the upward forces on a light beam,
supported at its ends, vary with the position of a

Know that the weight of a body acts through its centre of ey obipet ilaced oo e bean

gravity

Unbalanced forces acting on objects can make them accelerate or decelerate. In
the examples in Figure 5.1, the forces acting are having a tuming effect. They are
making the objects, like the see-saw, tum around a fixed point called a pivot or
fulerum. The turming effect in cranes is explained in Figure 5.6 on page 51. We use
this turning effect of forces all the time. In our bodies the forces of our muscies
make parts of our bodies turm around joints ke our elbows or knees. When you
turn a door handle, open a door or remaove the lid off a tin of paint with a knife you
are using the turning effect of forces. Understanding the turning effect of forces is
importart. Sometimas we want things to turm or rotate - the see-saw wouldn’t ba
much fun if it didn't. However, sometimes we want the turming effects to balance
s0 that things don't tum — it would be terrible if the crane did not balance!

Challenge a partner {perhaps one who thinks that he or she is strong!) ta try to
hold a door closed while you try to open it - then explain the rules! They can
apply a pushing force but no further than 20 cm from the hinge (the part of the
door that fastens it to the wall), while you try to pull the door open by pulling
on the handle. You will be able to open the door quite easily.
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a b
large force acting
at a small distance
from the pivot
11 door i
amall force acting pavt farmed
at a large distance by the hinga
froam the pivol

A Figure 5.2 The distance of the force from the pivol is crucial,

You will realise that you have an advantage because the tuming effect of your
force doesn't just depend on the size of the force you apply but also on the
distance from the hings or pivat at which you apply it. You have the advantage
of greater leverage (Figure 5.2).

THE MOMENT OF A FORCE

The turning effect of a foree about a hinge or pivot is called its moment. The
mament of a force is defined like this:

mameant of a force (Nm) = force, F (M) = perpendicular distance from pivot, o (m)
moment = F x o

The moment of a force is measured in newton metres (Mm) because force s
measured in newtons and the distance to the pivat is in metres. We need fo be
precise about what distance we measure when calculating the moment of a
force. Look at the diagrams in Figure 5.3,

hirge

a b
y ] ﬁ dicu
T PErpEn lier
N < / P
guﬁ
{orca

A Figure 5.3 For a force 10 have its biggest effect it should be at 90° (o the laver.

If you think about the simple door opening ‘competition’ we discussed earlier
you will realise that for a force to have the biggest tuming effect it should be
applied as in Figure 5.3a - that is, its line of action should be perpendicular (at
80%) to the door.

In Figure 5.3b the force has no tuming effect at all because the line along
which the force is acting passes through the pivot.

Figure 5.3c shows how the distance to the pivot must be measured to get the
correct value for the moment, The distance is the perpendicular distance from
the line of action of the force to the pivot.

G
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An object will be in balance (that is, it will not try to turn about a pivot point) if:
sum of anticlockwise moments = sum of clockwise moments
For example, Figure 5.4 shows two children sitting on a see-saw.

300 M

A Figure 5.4 The moment of the heavier child is reduced when she sits closer to the pivot, $o that it
balances the moment of the lighter child,

In Figure 5.da:

the anticlockwise maoment = 200 M = 1.5 m = 300 Nm
the clockwise moment = 300 N x 1.5 m = 450 Nm

So the see-gaw is not balanced and leans down to the right as it rotates
clockwizse about the pivot.

The calculations for Figure 5.4a are approximate because the forces are mot
acting perpendicularly to the see-saw.

In Figure 5.4b:
the anticlockwise moment = 200 N x 1.5 m = 300 Nm
the clockwise moment = 300 N = 1.0 m = 300 Nm
So the see-saw is now balanced.

Look again at Figure 5.2. Person A pushes the door with a force of 200 M
at a distance of 20 cm from the hinge (the pivot in this example). Person B
opens the door by pulling the door handle which is 80 cm from the hinge.

What is the minimum pulling force that person B must use to open the
door?

Here is a simplified sketch of the problem:

i
=8

“' plrllnl
F

A Figure 5.5 A labelled sketch of the problem
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L Figure 5.7 Can you find the peint at which
the ruler balances?
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The door will be in balance (on the point of opening) if:
sum of anticlockwise moments = sum of clockwise moments
FxB0cm=200MN x 20 cm

FZEDDMxEDr:m
80 cm
=50N

But this means the tumning effects are balanced and wa want person B to
apply a big enough force to make the anticlockwise moment bigger than
the clockwise moment.

The answer is that person B must apply a force greater than 50 N {(F > 50 N).

Look back at Figure 5.1 and lock at Figure 5.6. The load arm is long 5o that the
crane can reach across a construction site and move Ipads backwards and
forwards along the length of the arm. The weight of the long load arm and the load
must be counterbalanced by the large concrete blocks at the end of the short arm
that projects cut behind the crane controller's cabin. The counterbalance weights
must be large because they are positionad closar to the pivot point, where the
crane tower supports the crosspiece of the crane. Without careful balance the
tuming forces on the support tower could causs it to bend and collapse.

countarbalance boad anmm
waights "
__.-—""\i H_“‘“Hq,_‘_
conifrodler's cﬂbin"lﬁ !
I
+—— st

=
v

Figure 5.6 The clockwise and anticlockwise moments on the crane must be batanced.

CENTRE OF GRAVITY

Try balancing a ruler on your finger, as shown in Figure 5.7.

When the ruler is balanced, the anticlockwize moment is equal to the
clockwise moment, but there are no downward forces acting in this situation
other than the weight of the ruler itself. We know that the weight of the ruler is
due to the pull of the Earth’s gravity on the mass of the ruler. The mass of the
ruler is equally spread throughout its length. It is not, therefore, surprising to
find that the ruler balances at its centre point.

We say that the centre of gravity of the ruler is at this point. The weight force of
the ruler acts through the centre of gravity = it is the point where the whole of
the weight of the ruler appears to act. If we suppeort the ruler at this point there
is no turning moment in any direction about the point, and it balances. The
centre of gravity is sometimes called the centre of mass.
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Finding the centre of gravity of a sheet of card
If you have a sheet of card or any other uniform material than finding its centre of
gravity is quite straightforwand - it will be located where the axes of symmetry cross,

as shown in Figure 5.8,

= CONNE = eesesedesseees a LIS Ak,
™ of gravity | + : '?' | b):‘\
; mﬂaﬂgh_._ e _sq-;am oqulratamll -tliangla

& Figure 5.8 The centre of gravity for thesa three regular shapes is where the axnes of symmetry cross.
B axis of symmedry can be found using a plane mimor. If you place a plane mirror along ane of 1he
dotted lines in any of the above shapes, the reflection in the mirmor looks exactly like the original.

—n

OBJECTS NOT PIVOTED AT THE A simple see-saw is a uniform beam (plank) pivoted in the middie. The centre of
CENTRE OF GRAVITY gravity of a uniform beam is in the middle, so the see-saw is pivoted through its
centre of gravity. When an object is not pivoted through its centre of gravity the

weight of the object will produce a turning effect. This is shown in Figure 5.8.
cantre of gravity

ol e | il Fa
T

[ 5 .
pivat 1 clockwise hu-ning/
“'Elﬂht effect
A Figure 5.9 The weight of the beam causes a clockwise tuming effect about the pivat,

EXAMPLE 2

ok
iy

brass weight
[ ] rrvmtre maber

A
pivot

A Figure 5,10 In balance = not tipping in edither direction

This sketch diagram shows a uniform wooden metre ruler with & mass of

0.12 kg. A pivot at the 40 cm mark supports the rule. When a brass weight is
placed at the 20 cm mark the ruler just balances in the horizontal position. Take
moments about the pivot to calculate the mass of the brass weight.

The weight of the ruler acts vertically through the centre of gravity of the
rule. As the ruler is uniform the centre of gravity is at the 50 cm mark.

20cm 20cm  10cm
O

+ Y
mx=g 0i2=g
& Figure 5.11 A labelled sketch of the problem

For balance:
anticlockwise moments = clockwise moments
mxgl=20em=(0.12 kg = g) x 10cm
The mass of the brass weight is 0.06 kg.

Here g is the gravitational field strength in N/kg but, as you can see, it
cancels. You can leave the distances in centimetres because you are using

the same length units on both sides of the equation.
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THE TURNING EFFECT OF FORCES

EXTENSION WORK

Centre of gravity and stability

The position of the centre of gravity of an object will affect its stability. & stabla
object is one that is difficult to push over — when pushed and then released it will
tard to raturn to its orginal position.

a b
Ky iy = high centre
of gravity ' of gravity
and broad | ey

o R

A Figure 5,12 Stable and unstable objects

The shape in Figure 5.12a is typical for a ship's decanter (bottle), Botiles used on
ships need to be difficult to knock over for abvious reasons! It is stable becauss,
when knocked, its low centre of gravity and wide base result in a turning moment
that tries to pull it back to its original position. The object in Figure 5.12b has a
higher centre of gravity and smaller base, so it is much less stable. Onlky a small
displacement is needed to make it fall over.

FORCES ON A BEAM

Figure 5.13a shows a boy standing on a beam across a stream. The beam is
not moving, 5o the upward and downward forces must be balanced. As the
oy is standing in the middle of the beam, the upward forces on the ends of
the beam are the same as each other. The forces are shown in Figure 5.13b -
to keep things simple, we are ignoring the weight of the beam.

If he moves to one end of the beam, as shown in Figure 5.13c, then the
upward force will all be at that end of the beam. As he moves along the beam,
the upward forces at the ends of the beam change. In Figure 5.13d, he is one-
quarter along the beam. The upward force on the support nearest to him is
three-quarters of his weight, and the upward force on the end furthest away
from him is only one-guarter of his weight.

a b

lm-;'s weight = 400 N

1 ]

200 M 200 M

[ =] fI
Tm B T 100 M
300N
A Figure 5.13 The forces al the ends of a bearn depend on where the load is applied,

53
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CHAFTER RUESTIONS More questions on the turning effect of forces can be found at the end of

Unit 1 on page 53,
SKILLS JURINEA ‘9 1 Look at the diagram below. It shows various forces acting on objects about

pivols.
10 M 10N
pivot plvot
A B -
5N !
pivot pivat
G D

Write down the letter of the diagram that:
a shows the greatest turming moment about the pivot
b shows a turning moment of Zero,

]

Look at the four see-saw diagrams below.

150 M 10N = 200N
t—z,& M—tda—2.5 m—i t—z.ﬁ w2 m—i
[ i [ 1
Y F Y
pivol piviat
A B
120 M 300 M 150 W 175 M
t—i.ﬁ fri—sba1 M -i t—.’é.ﬁ M—s—2 m‘i
[ | L |
Y i
pival pivat
c D

Write down the letter(s) of the diagram(s) that agree with the following
statements, or write ‘none’ if no diagram agrees with the statament.

# The see-saw is balanced.

b The see-saw will rotate clockwise (dip down to the right).
¢ The see-saw will rotate anti-clockwise (dip down to the left).

Gator

m INTERPRETATION 3 A bookshelf is 2 m long, with supports at its ends (P and Q). Do not consider
the weight of the bookshelf when you are answering these questions.

4\ o Draw a sketch of the sheilf, showing the supports.

‘1) b A book weighing 10 N is placed in the middie of the shelf. What are the
upward forces at P and Q7
3 & The book is moved so that it is 50 em from Q. Use moments to calculate
9

m PIROBLEM SOLVING

the forces at P and Q.

‘_) d The bookshelf weighs 10 N. Repeat parts b and c taking into account the
weight of the shelf as well as the weight of the book.

END OF PHYSICS ONLY
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UNIT QUESTIONS

m ERITICAL THINKING 9 n a Which of the following quantities is not a vector quantity?
A force
B area
C displacament

D velocity
(1)

b Which of the following quantities is not a scalar quantity?
A speed
B your age
C volume
D acceleration

(1)

¢ Which of the following statements about the motion of an object on which
unbalanced forces act is false?

A The object could continue moving at constant speed in a straight line.
B The object could accelerate.
C The object could slow down.

D The object could change the direction in which it is moving.
(1)

d A ballis thrown vertically upwards in the air. Which of the following
statements about the motion of the ball is false?

A The ball will be travelling as fast as it was when it gets back to the ground
as it was when first thrown upwards,

B The ball will be stationary for an instant at the highest point in its flight.

C The direction of the force on the ball changes so the ball falls back to the
qround.

D The direction of the acceleration is always downwards.
(1)

(Total for Question 1 = 4 marks)
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m ANALYSIS

b A CRITICAL THINKING
L3 (N PROGLEM SOLVING

m CRITIGAL THINKING
L N INTERPRETATION

m CRITICAL THINKING

3

P,
0.

o o G

&

Frus

]

&

UNIT QUESTIONS

B A tennis ball is dropped from a height of 3 m and bounces back to a height of

1 m after hitting the ground {s = 0).

a Which of the following distance-time graphs shows this motion correctly?
(1)

L

distance, s
distance, &

i :

i time, ¢ B time, ¢

e time, ¢ D time, [

b i Explain the difference between the terms distance and displacement.

(2)
il What is the displacement of the tennis ball at the end of the
described motion? (1)
¢ | Use the equation v2= u* + 2as to calculate the velocity of the tennis
ball when it hits the ground. (4)
ii What is the average speed of the tennis ball while it is falling to the
ground? (2)

iii Calculate how long it takes for the tennis ball to reach the ground.  (2)

d How can the distance travelled by the tennis ball be found from a
velocity-time graph of its motion? (1)

e Sketch a velocity-time graph for the tennis ball from the time that it is
released to the time that it has rebounded to 1 m after the first bounce.
Assume that the time that the ball is in contact with the ground is negligible
{too short to show on your graph). Include as much numerical detail as you
can without deing any further calculations. (&)

(Total for Question 2 = 19 marks)

A student uses the following piece of apparatus to investigate how the
extension of a length of wire varies with the force applied to it.

MHCROSCOpe to
measure extension

KoM masses
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5) a | MName the independent variable in this investigation. {1)
il Mame the dependent variable in this investigation. (1)
4\ ifi Wame one cantrol variable in this investigation. (1)
s'j b How is the force being applied to the wire calculated? (1)
m GECISION MAKING ¢ Explain how the student should use the apparatus to determine if the wire
obeys Hooke's law. (5)

d The student also wants to know if the sample behaves elastically. Explain
how the student can improve the investigation and discover whether or
not the wire behaves elastically. (3)

(Total for Question 3 = 12 marks)
PHYSICS ONLY
m CRITICAL THINKING n This question is about momentum.

:} a State whether momentum is a scalar or a vector quantity and explain your
answer, (3)

The following apparatus is used to investigate the momentum of two gliders on

a linear air-track.
.(”,_’__’,_7"@!9@55
[

EXECUTIVE
FURNCTION

Vo’

.
W ............ [ ﬁ ‘J
alr'n"‘.* // ” \\
. I %
ghider A sl glider B

The gliders are fittad with magnets with like poles facing each other, so that
they repel each other, and tied together with a cotton thread. This cotton
thread will be burnt using a flame later in the investigation. 5 cm square cards
are attached to both gliders — these will pass through the light gates. Digital
timers time how long each card takes to pass through the light gates. The
gliders are initially at rest,

m PROBLEM SOLVING b State the initial momentum of the gliders. (1)

m INTERPRETATION c i Draw a labelled diagram showing the forces acting on glider A before
the thread is bumnt. (4)

m CRITICAL THIRKING ii State Newton’s third law and explain how it applies to the horizontal
forces on the gliders when the thread is cut with the flame. (3]

il Describe what happens to the two gliders when the thread is cut.  [1)

d After the thread is cut the card on glider A passeas the light gate in 1.25 s.
i Calculate the speed of glider A as it passes through the light gate.  (2)

LA DRI REASONING

m PROBLEN SOLVIKG

ii Glider A has a mass of 500 g and glider B has a mass of 800 g.
Calculate how fast glider B will be moving, explaining your method
and any assumptions you make. (5)
m REASONING & The experiment is repeatad but the two gliders are tied closer together
with a shorter cotton thread. Explain what difference this would make to

_ the result of cutting the thread, if any. (3)

Think about magnetic forces. (Total for Question 4 = 22 marks)

END OF PHYSICS ONLY
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MAINS ELECTRICITY

6 MAINS ELECTRICITY

The electricity that we use for heating, lighting and air
conditioning In our homes is called mains electricity
and is supplied to us by power stations.

In this chapter you will leam how mains electricity is
brought to our homes and supplied to our appliances.
You will also read about devices that protect us from
electrical shocks.

A Fgure 6.1 Maost housahold appliances use mains alectncity as their
source of enangy.

LEARNING OBJECTIVES

Understand how the use of insulation, double Know the difference between mains electricity being

insulation, earthing, fuses and circuit breakers protects alternating current (a.c.) and direct current (d.c.) being
the device or user in a range of domestic appliances supplied by a cell or battery

Understand why a current in a resistor results in Use the refationship between energy transferred,
the electrical transfer of energy and an increase in current, voltage and time:
temperature, and how 1his can be used ina variety of

2 energy transferred = current » voltage = time
domestic contexts % K

: : E=1= W=t
Know and use the relationship between power, current

and voltage:
power = current x voltage
P=1x1

and apply the relationship to the selection of
appropriate fuses

When you tum on your computer, television and most other appliances in your

2 home the electricity vou use is almaost certainty going to come from the mains

In this t”h';"* 3".‘:‘;#"”"' m:' to L'Is"" a:g‘“ supply. This electrical energy usually enters our homes through an underground
St m;;:Tudrﬂf;iTtr:a )| cable. The cable is connected to an electricity meter, which measures the amount
unit of energy, chm 1';‘11 as tha unit of of electrical energy used. From herg, the cable is connected to a consumer unit or
resistance, second (s) as the unit of a fuse box, which contains fuses or circuit breakers for the various circuits in your
tirme, volt (V) as the unit of voltage and home. Fuses and circuit breakers are safety devices which shut off the electricity
watt (W) as the unit of power. in a circuit if the current in them becomes too large (see page 61).

Most of the wiras that leave the fuse box are connected to ring main circuits
that are hidden in the walls or floors around sach room. Individual pieces of
electrical equipment are connected to these circuits using plugs,

LUNITS
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Ring main circuits usually consist of three wires - the live wire, the neutral wire
and the earth wire.

The live wire provides the path along which the electrical energy from the
power station travels. The neutral wire completes the circuit.

The earth wire usually has no current in it. It is there to protect you if an

appliance develops a fault (see page 61). It provides a path for current to

escape without passing through the user. ;
Ring main circuits provide a way of allowing several appliances in different parts of I

the same room to be connected to the mains using the minimum amount of wiring.
Imagine haw much wire would be needed if there was just one mains sacket in each

A Fgure 6.2 Greuit breakers in @ consumer unit

room.
- = e |
[ 1 :
! o O, socket set in wall |
E - -
|
I I |
© - .
[ o omm e o oo - - - .
' . earth wire
[} ]
i i reutrad wire
ring main circuit | | ¥ V] b— live wine
I [ ]
ta - e o o oee s o []
CONSUMEr i I
unit 1 i
L-.----l-l---l-I|I|III-II--|-|I-I'_J
e T r
L]
'n

4 Figureé 6.3 Ring main circuits halp to cut dawn on the amount of wiring needed in a housa.

Plugs and sockets in different countries look different, but the principles
{rules) of electrical wiring are similar.

A Figure 6.4 Plug sockets in the UK and in Postugal

The mains electricity supplied to homes in the UK, China, India and many other
countries is between 220 V and 240 V. This is a much higher voltage than the
cells and batteries used in mobile electrical appliances. If you come into direct
contact with mains electricity you could receive a severg electric shock, which
might even be fatal. To prevent this the outer part of a plug, called the casing,
is made from plastic, which is a good insulator.

Connections to the circuits are made via three brass ping, as the metal brazs is
an excellent conductor of electricity. Figure 6.5 shows the inside of a 3-pin plug
used in the UK, but similar principles apply to all kinds of plug all over the world.
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eanh wire — protects th user if there is a Tault

_.,--'fUE'B

— livis wire = alactrical energy travels
through ihis wire to the appliance

nairtral wire = completas
the circuit

A Figure 5.5 A labelled plug

SAFETY DEVICES

o —

circult symbal for a fusae

A Figure 6,6 Fuses are important safety
devices in electrical appliances,

Many plugs contain a fuse. The fuse is usually in the form of a cylinder or
cartridge, which contains a thin piece of wire made from a metal that has a low
melting point. If there is too large a current in the circuit the fuse wire becomes
very hot and melts. The fuse ‘blows’. The circuit is now incomplete so there

is no current. This prevents you getting a shock and reduces the possibility

of an electrical fire. Once the fault causing the increase in current has been
comected, the blown fuse must be replaced with a new one of the same size
before the appliance can be used again.

There are several sizes of fuses, The most common for domestic appliances

inthe UK are 3 A, 5 A and 13 A, The camect fuse for a circuit is the one that
allows the correct current but blows if the current is a little larger. If the correct
current in a circuit is 2 A then it should be protected with a 3 A fuse. If the
correct current is 4 A then a 5 A fuse should be used. It is possible to calculate
the correct size of fuse for an appliance but nowadays manufacturers provide
appliances already fitted with the correct size of fuss,

Modern safety devices, such as those you might find in your consumer unit,
are often in the form of trip switches or circuit breakers, If too large a current
flows in a gircuit a switch automatically opens making the circuit incomplete.
Once the fault in the circuit has been corrected, the switch is reset, usually
by pressing a reset button. There is no need for the switch or circuit breaker
to be replaced, as there is when fuses are used. The consumer unit shown in
Figure 6.2 uses circuit breakers.

EARTH WIRES AND DOUBLE
INSULATION :

Many appliances have a metal casing. This should be connected to the earth
wire so that if the live wire becomes damaged or breaks and comes into
contact with the casing the earth wire provides a low-resistance path for the
current. This current is likely to be large enough to blow the fuse and turn the
circuit off. Without the earth wire anyone touching the casing of the faulty
appliance would receive a severe alectric shock as the current passed through
them to earth (Figure 6.7).
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A Figure 6.8 This plastic ketile has double
insulation which means that there i no need
for an earth wire,

MAINS ELECTRICITY

cument passes through earth wire rather than
user — fuse blows before person touches keltle

A Figure 6.7 The earth wire provides protection when electrical appliances develop a fault.

Same modern appliances now use casings made from an insulator such
as plastic rather than from metal, If all the electrical parts of an appliance
are insulatad in this way, so that they cannot be touched by the user, the
appliance is said to have double insulation. Appliances that have double
insulation use a two-wire flex, There is no need for an earth wire.

SWITCHES

Switches in mains circuits should always be placed in the live wire so that

when the switch is open no electrical energy can reach an appliance. If the
switch is placed in the neutral wire, electrical energy can still enter a faulty

appliance, and could possibly cause an electric shock (Figure 6.9).

Whhen the switch & connected inlo the
newtral wire electrical energy can reach
the faulty appliance ever when the
switch is open. The user is not safe
from alectric shocks,

With the swiich open and connectad
inta the live wire the electrical enesgy
cannot reach the appliance. The user
is safe from elecinc shock,

& Figure 6.9 The switch in 8 cirouit should be in the live wire.



Figure 6,10 The wires inside a toaster have a
high resislance, Thay become vary hot when
a current passes through them.

Incandescent bulbs like these are very
inafficient. Often more than $0% of
the energy transferred is lost to the
surroundings as heat. As a result they
are rapidly being replaced by modem
halogen bulbs and LEDs, which give
off much less heat and therefore waste
less anergy.

THE HEATING EFFECT OF CURRENT

The wiring in a house is designed to let current pass through it easily. As a
result, the wires do not become warm when appliances are being used. We
say that the wires have a low resistance, However, in some appliances, for
example, kettlas or toasters (Figure 6.10), we want wires {more usually called
heating elements) to become warm. The wires of a heating element are
designed to have a high resistance so that as the current passes through them
energy is transferred and the element heats up. We use this heating effect

of current in many different ways in our homes, You will learn mora about
resistance in Chapter 8.

Other common appliances that make use of the heating effect of electricity
include kettles, dishwashers, electric cookers, washing machines, electric fires
and hairdryers.

When current passes through the very thin wire (filament) of a traditional light
bulb it becomes very hot and glows (shines) white. The bulb is transferring
electrical energy to heat and light energy.

A Figure 6.11 It is the heating effect of a current that is causing this bulb to glow.

ELECTRICAL POWER

Figure 6.12 shows a S0W halogen light bulb. You can also buy TOW light
bulbs. Both bulbs transfer electrical energy to heat and light, The TOW bulb
will be brighter because it transfers T0J of electrical energy every second, The
dimmer S0W halogen bulb shown transfers only 50J of energy every second.
A TOW bulb has a higher power rating.

50 { RING ]

GU10 halogen bulb

A Figure 6,12 The dimmer 50W bulb transfers less electrical energy to heat and light energy every
second,
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M Power is measurad in joules per second or watts (W).

You will learm more about voltage and Devices that transfer lots of energy very quickly have their power rating
current in Chapter 7, expressed in kilowatts (kW).

1 kW = 1000 W

The power [P} of an appliance is related to the voltage (V) across it and the
current (f) flowing through it.

The equation is:
power, P (watts) = current, / {amps) = voltage, V' (volts) |

0 A P=ixV

If an examination question asks for the
equation for calculating power, voltage
ar current, always give the actual
equation (such as P = [ x V). You may
not be awarded a mark if you just draw
the triangle.

A Figure .13 You can use the friangle methed for rearranging eguations like P= fx i

A 230V television takes a current of 3 A, Calculate the power of the
television.

P=f=\
=3Ax230V
= Ba0 W

Calculate the correct fuse that should be used for a 230 V, 1 kW electric
hairdryer.
=k
v
_ 1000w
T o230V
=435 A4

The correct fuse for this hairdryer is therefore a 5 A fuse,

CALCULATING THE TOTAL ENERGY TRANSFERRED BY AN

APPLIANCE

The power of an appliance (P) tells you how much energy it transfers each
second. This means that the total energy (E) transferred by an appliance is
equal to its power multiplied by the length of time (in seconds) the appliance is
being used.
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energy, E (joules) = power, P (watts) = time, t (seconds)
E=Pxt
or since F=i=xV
E=l=xVxt

EXAMPLE 3

Calculate the energy transferred by a 60 W bulb that is turned on for
a 20 s, and b 5 min,

a E=Pxt
=G0W =202
=1200 Jor1.2 kd

b E=FPxt
=60 Wx5x60s
= 18000 Jor18 kJ

ALTERNATING CURRENT AND DIRECT CURRENT

If we could see the current or veltage from the mains it would appear to be
very strange. Its value increases and then decreases and then does the same
again but in the opposite direction, If we could draw these changes as a graph
they would look like a wave,

This happens because of the way in which the electricity is generated at the
power station. (see Chapter 17). A current or voltage that behaves like this is
called an alternating current (a.c.) or alternating voltage. This is very different
to the currents and voltages we get from batteries and cells.

Cells and batteries provide currents and voltages that are always in the same
direction and have the same value, This is called direct current (d.c.) or direct
voltage. If we drew this as a graph it would be a straight horizontal line.

Figure 6.14 shows how the voltage of an a.c. supply compares with the
voltage of a d.c. supply.

voltageV

d.c. supply

O AT
A N N S W
IAVAAVARN

A Figure 6.14 How the voltage of an a.c. supply compares with that of a d.c. supply
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CHAFTER QUESTIONS More questions on domestic electricity can be found at the end of Unit 2 on

page 93.
LA [R PROBLEM SOLVIMG :'_\_HI 1 a There is a current of 0.25 A in a bulb when a voltage of 12V is applied
; across it. Calculate the power of the bulb.
o b Calculate the voltage that is being applied across a 10W bulb with a
current of 0.2 A,
? o Calculate the current in a 60 W bulb if the voltage across it is 230 V.
3 4 How much energy is transferrad if a 100W bulb is left on for 5 hours?
m CRITICAL THINKING 2 An electric kettle is marked ‘230V, 1.5 kKW
3 a Explain what these numbers mean.
PROBLEM SOLVING o) b Calculate the correct fuse that should be used.

REASCONING o Explain why a 230V, 100 W bulb glows maore brightly than a 230V, 60W
bulb when both are connected to the mains supply.

CRITICAL THINKING ") 3 a Give one advantage of using a circuit breaker rather than a wire or
cartridge fuse.

b Why is the switch for an appliance always placed in the live wire?
& What is meant by the sentence “The hairdryer has double insulation™?

T aD 4 Think of a room in your house where there are lots of electrical appliances.

- Make a list of them. Mow organise your list 50 that the appliances that you
think have the highest power rating are at the top of your list and those with
the lowest are at the bottom. How could you discover if your guesses are
correct?
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7 CURRENT AND VOLTAGE IN CIRCUITS

i We rely on electricity in many areas of our lives, This chapter looks at
what electric current is. You will leam what happens to electric current

in different circuits, and what effect it has.

Look around the room you are in. If you are at home, you will probably
be able to see a television, a radio or a computer. If you are in a
science laboratory, you may be able to see a projector, a power supply
or lights in the ceiling. These and many other everyday objects need
electric currents if they are to work. But what are electric currents?
How are they produced and what do they do in a circuit?

LEARNING OBJECTIVES

Explain why a series or parallel circuit is more appropriate

for parficutar applications, including domestic lighting

know that electric current in solid metallic conductors

is a flow of negatively charged electrons

Know and use the relationship between voltage,
current and resistance:

voltage = current = resistance
V=IxR
Know that current is the rate of flow of charge

Know and use the relationship between charge,
current and time:

charge = current = time
G=1Ixt

A Figure 7.1 The gas in this tube glows when there
% & cument.

Know that lamps and LEDs can be used to indicate the
presence of a current in a circuit

Know that the voltage across two components
connected in parallel is the same

Know that voltage is the energy transferred per unit
charge passed

Know and use the relationship between energy
transferred, charge and voltage:

energy transferred = charge = voltage
E=0=W
Know that the voltis a joule per coulomb

Understand why current is conserved at a junction in a
circuit




EXTENSION WORK

When scientists first experimented
with charges flowing through wires,
they assumed that it was positive
charges that wens moving and that
currant travals from the positive to
the negative. We now know that this
is incorrect and that when an alectric
current passes through a wire it is the
negative charges or elecirons that
move, Nevertheless when dealing with
topics such as circuits and maotors,

it i still considered that electrons
flow from positive to negative. This is
comventional curment.

CURRENT AND VOLTAGE IN CIRCUITS

CONDUCTORS, INSULATORS AND ELECTRIC CURRENT

An electric current is a flow of charge. In matal wires the charges are carried by
very small particles called electrons.

Electrons flow easily through all metals. We therefore describe metals as being
good conductors of electricity. Electrons do not flow easily through plastics -
they are poor conductors of electricity. A very poor conductor is known as an
insulator and is often used in situations where we want to prevent the flow of
charge - for example, in the casing of a plug.

In metals, some electrons are free to move between the atoms. Under normal
circumstances this movement is random - that is, the number of electrons
flowing in any one direction iz roughly equal to the number flowing in the
opposite direction. There is therefore no overall flow of charge.

lattice
structure — ® ” Er' o SN S
of metal  ———ay ————
® ® ® e .8 - @
s “'f/. /—/J random motion
[ & L L L L L] of electrons
B g e & \L\\-\
° ° ° ° ® ° -

A Figure 7.22 With no voltage there is an equal flow of electrons in all directions.

If, however, a cell or battery is connected across the conductor, more of the .
electrons now flow in the direction away from the negative terminal and towards
the positive terminal than in the opposite direction. We say ‘thers is now a nat

fiow of charge’. This flow of charge is what we call an electric current. 1
® ® L] ® ® e
— = T +
® » ® e ® .
o - ol more of the
° o —""0 e ° ° gt
H"“‘“‘H._...a. /_// \ ey towards the
o ™ ™ & - ® positive end
af the wire

A Figure 7.2b When a voltage iz applied more electrons will move towards the positive.

In insulators, all the electrons are held tightly in position and are unable to move
from atom to atom. Charges are therefore unable to move through insulators,

MEASURING CURRENT
ﬂﬁ?“mm | ‘

ammeter connected in saras
wiith the balb to measura
the cument in it
A Figure 7.3 An ammeter is used to measure curment in & circult, It has & very low resistance and so
has almost no effect on the current.




HINT

If an examination guestion asks you to
write out the equation for calculating
charge, current or time, always give the
actual equation such as Q =1 = £. You
may not get the mark if you just draw
the triangle.

A Fgure 7.5 You can use the triangle method
for rearranging equalions fike this,

CURRENT AND VOLTAGE IN CIRCUITS

We measure the size of the current in a circuit using an ammeter, The ammeter is
connected in series (see page 72) with the part of the circuit we are interested in.

The size of an electric current indicates the rate at which the charge flows.

The charge carried by cne electron is very small and would not be a very
useful measure of charge in everyday life. It would be a little like asking how far
away the Moon is from the Earth ... and getting the answer in mm!

To avoid this problem we measure electric charge (Q) in much bigger units

called coulombs (C). One coulomb of charge is equal to the charge carried by
approximately six million, million, million (6 = 10" electrons.

We measure electric current (f) in amperes or amps (A). If there is a current of
1 A in a wire it means that 1 C of charge is passing along the wire each second.

1055 = 1A

A Figure 7.4 One coulomb of charge flowing each second is one amp.

We can calculate the total charge that passes along a wire using the equation:
charge, Q {coulombs) = current, | famps) x time, { (seconds)

Q=Ixt
e 2

a Calculate the charge flowing through a wire in 5 s if the current is 3 A
Q=Ixt
=3Ax5s
=15C

b How many electrons flow through the wire in this time?
1 C of charge is carried by 6 x 10'® electrons
15 C of charge requires 15 x 6 x 10" electrons = 80 = 10" electrons
So 90 million, million, million electrons will flow along the wire in 5 5.

VOLTAGE

We often use cells or batteries to move charges around circuits. We can
imagine them as being ‘electron pumps”. They transfer energy to the charges.
The amount of energy given to the charges by a cell or battery is measured in
velts (V) and is usually indicated on the side of the battery or cell.

If we connect a 1.5 V cell into a circuit (Figure 7.6) and current flows, 1.5 J of
energy is given to each coulomb of charge that passes through the cell.

If two 1.5 V cells are connected in series (Figure 7.7) 50 that they are pumping
{pushing) in the same direction, each coulomb of charge will receive 3 J of
Energy.

The volt is a joule per coulomib.



Figuee 7.6 When one coulomb of charge
passes terowgh this cell it gains 1.5 ) of
ENETY.

When sevaral cells are conneched
together it is called a battery.

Cells and batteries provide current
which movas in one direction. This is
known as direct current (d.c.).

!l: I|l 13¥
e | L

Figura 7.7 When one coutomb of charge passes through both these cells in fum it gains 3 J of energy

As the charges flow around a circuit the energy they carry is transferred

by the components they pass through. For example, when current passes
through a bulb, energy is transferred to the surroundings as heat and light.
When a current passes through the speaker of a radio, most of the energy is
transferred as sound.

In the external part of a circuit (outside the cell or battery) the voltage across
each component tells us how much energy it is transferring. If the voltage
across a componeant is 1 V this means that the component is transferring 1J of
enargy each time 1 C of charge passes through it.

We can describe the relationship between the energy transferred, charge and
valtage using the equation:

energy transferred, E (joules) = charge, Q (coulombs) x voltage, V (volts)

E=0=V

The voltage across a light bulb is 12 V. Calculate the electrical energy
transfarrad when 50 C of charge passes through it.

E=QxV
=50C =12V
= 600 J

Because Q =/ x {, we can also write this equationas E=/x t x /.

EXAMPLE 3

The voltage across a heater is 230 V. There is a current of 5 A through the
heater for 5 mins. Calculate the total amount of energy transferred during
this time.

E=lxt=xV
=5A=x(5=80)s=x230V
=345000 J or 345 kd




TR T
A voltmeter has a very high resistance,
s0 very little current flows through it.

CURRENT AND VOLTAGE IN CIRCUITS

MEASURING VOLTAGES

2

\\ St symba
far a valimeater

A Figure 7.8 A volimeter measures voltages across a component.

We measure valtages using a voltmeater. This is connected across (in parallel
with) the compaonent we are investigating. A voltmeter connected across a

cell or battery will measure the energy given to each coulomb of charge that
passas through it. A voltmeter connected across a component will measure the
electrical energy transferred when each coulomb of charge passes through it.

ELECTRICAL CIRCUITS

When the button on the torch shown in Figure 7.9 is pressed, the circuit is
complete — that is, there are no gaps. Charges are able to flow around the
circuit and the torch bulb glows. When the button is released the circuit
becomes incomplete. Charges cease to flow and the bulb goes out.

gwitch (button)

oo

calls
A Figure 7.9 A torch containg a simple electrical circuit - a series circuil,

Bulb

Drawing diagrams of the actual components in a circuit is a very time-consuming and skilful task. It is much easier to use symbals for
each of the components. Diagrams drawn in this way are called circuit diagrams. Figure 7.10 shows comman circuit components and
their symbols. You should know the common symbols but the less comman ones will be given to you in the exam if you need them.
Do not waste time memaorising the less common ones.

—c;,\\::— switch {opean)

————Tr— switch (closed)

-
S

+ diods

A Figure 7.10 Circuit symbols
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IS 1T ON?

We somatimes put a small bulb or larmp in a circuit to show us if a circuit is
‘turned on’. When there is a current in the circuit the bulb glows or shines.
Light emitting diodes (LEDs) also glow when there is a current in a circuit but

they require far less energy than bulbs. This is why many appliances such as
TVs, DVD players and routers use small LEDs to show when the appliance is
working or on standby,

@ SERIES AND PARALLEL CIRCUITS

There are two main types of electrical circuit. There are those circuits where
A Figure 7.11 Glowing LEDs indicate which there are no branches or junctions and there is only one path the current can
gircults are working follow. These simple ‘single loop' circuits are called series circuits.

Circuits that have branches or junctions and more than one path that the
current can follow are called parallel circuits.

A Figure 7.12a A typical series circuit, Opening A Figure 7.12b A typical paraliel circuit.
any one of these switches will furm all three Opening any one of these switches will tum
bulbs off. aff just the bulb in that part of the circuit,

Series circuits and parallel circuits behave differently. This makes them useful
in different situations.

In a series circuit containing bulbs:

B One switch placed anywhere in the circuit can turn all the bulbs on and off.

& If any one of the bulbs breaks, it causes a gap in the circuit and all of the
other bulbs will 'stop working'.

# The energy supplied by the cell is ‘shared’ between all the bulbs, so the
more bulbs you add to a series circuit the less bright they all become.

-

lI e

b

A Figure 7.13a Adding an extra bulb in A Figure 7.13b Adding an extra bulb
series will resull in the bulbs shining in parallel does not affect the
lesg brightiy, brightness of the other bulbs.




Figure 7.14 Decorative fights are usually
wired in series.

0.6A
- 1 - "f:\"
' 54
- D4 A T OBA
@ '3 "
+  02A 10:2A

A Figure 7,16 There are n1r|‘erent{:.trrEnts in
the differant parts of a parallel circuit.

CURRENT AND VOLTAGE IN CIRCUITS

In a parallel circuit containing bulbs:

B Switches can be placed in different parts of the circuit to switch each bulb
on and off individually, or all together.

® If one bulb breaks, only the bulbs on the same branch of the circuit will be
affected.

® Each branch of the circuit receives the same voltage, so if more bulbs are
added to a circuit in parallel they all keep the same brightness.

Decorative lights are often wired in series. Each bulb only needs a low voltage,
50 even when the voltage from the mains supply is 'shared’ out between

thern each bulb still gets enough energy to produce light. Unfortunately, if the
filament in one of the bulbs breaks then all the other bulbs will go out.

The lights in your home are wired in parallel. We know this because lights can
be switched on and off separately, and the brightness of each light does not
change when other lights are on or off. Also, if a bulb breaks or is removed,
you can still use the other lights.

CURRENT IN A SERIES CIRCUIT

In a series circuit the current is the same in all parts; current is not used up.
a 0.2A b 0.4A

A Figure 7.15a In a series circuit the A Figure 7.150 The addition of a second cell
currant daes not vary. doubies the voltage applied to the circuit
s0 the current will also double.

The size of the cumrent in a series cincuit depends on the voltage supplied to it,
and the number and type of the other components in the circuit. If a second
identical cell is added in series the voltage will double and so the current will
also doubla.

CURRENT IN A PARALLEL CIRCUIT

In a parallel circuit the currents will not be the same in different parts of the circuit.
The types of companents in each of the different parts will affect the currents.

In a paraliel circuit the number of electrans that flow into a junction each
second must be equal to the number that leave each second. This means that
the currents entering a junction must always be equal to those that leave. For
example, in Figure 7.16 the current that enters junction P is 0.6 A. The current
that leaves is0.4 A+ 0.2 A =06 A.

CHAPTER OUESTIONS

m CRITICAL THINKING s"
3

Mare questions on electrical circuits can be found at the end of Unit 2 on page 93.

1 Current is a flow of charge,
a What are the charge carriers in metals?

b Explain why charges are able to flow through metals but not through a
plastic.
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CURRENT AND VOLTAGE IN CIRCUITS

o If the current in a heater is 3 4, calculate the charge that flows through it in;
i 18
il 10 min
iii 1 hour,
a Explain the differences between:
i acomplete circuit and an incomplete cincuit

il aseries circuit and a parallel circuit.

b Look carefully at the circuits shown below. Assuming that all switches
are initially closed, decide which of the bulbs go out when each of the

switches is openad in turm,

"

D | 4 E
BT o i o
o i E,}
c ® &
& H \?"

: X—

circuit A circuit B

o In circuit A, which bulb(s) glow the brightest when all the switches in the
circuit are closed?

o Explain yvour answer to part c.

The voltage between two points in a circuit is measured using a voltmeter.

a Draw a circuit diagram to show how a voltmeter should be connected to

MEeasure;
i the voltage across a bulb il the voltage of a cell,

b Explain in your own words the phrase ‘a cell has a voltage of 1.5 V"
The diagram below shows a circuit containing two 2-way switches.

N
n
;f:" A c
5, 0 S

C o
B D

o Explain in your own words what happens when each of the switches is
moved to a new position.

b Suggest one important application of this circuit in the home.
Should the lights for the main street in a town be wired in series or in
parallel? Explain your answer.

Why would it not be a good idea to connect all the different parts of an
electric cooker (oven, grill, heating plates) in series?
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8 ELECTRICAL RESISTANCE

In this chapter you will leam what resistance is and how it can be
useful in electrical appliances. You will learn what factors affect
resistance and how to work out the resistance of a component by
measuring the current in it and the voltage across it (Ohm's law). You
will also read about same special resistors, and their uses.

It is likely that almost every day of your life you will make some
adjustments to at least one electrical appliance. You may turn up
the volurne of your radio or change the brightness of a light. In each
of these examples your adjustments are changing the currents and
the voltages in the circuits of your appliance. You are doing this by
altering the resistance of the circuits. This chapter will help you

understand the meaning and importance of resistance and how we A Figura 8.1 Tumning this dial alters the resistance in the
make use of it. circuit which changes the volume of the stund.

LEARNING OBJECTIVES

Understand how the current in a series circuit depends Describe the qualitative variation of resistance of
on the applied voltage and the number and nature of light-dependent resistors (LDRs) with illumination and
other components thermistors with temperature

Describe how current varies with voltage in wires, Calculate the currents, voltages and resistances of two
resistors, metal filament lamps and diodes, and how to resigtive components connected in a series circuit
investigate this experimentally

Describe the qualitative effect of changing resistance

on the current in a circuit

RESISTANCE

All cormponents in a circuit offer some resistance to the flow of charge. Some
(for example, connecting wires) allow charges to pass through very easily
lasing very little of their energy. We describe connecting wires as having very

low resistance. The flow of charge through some components is not 8o easy

and a large amount of energy may be used to move the charges through tham.

“'Ea' m:::j Lﬁart;::mmnmm This enml'g:.r ] t!ansa'erred, usually as heat. Components like these are said to
have a high resistance.

We measure the resistance (R) of a component by comparing the size of

the current () in that component and the voltage (V) applied across its ends.
Voltage, current and resistance are related as follows:

voltage, V (volts) = cumrent, / (amps) » resistance, A (ohms)

V=f=R

We measure resistance in units called ohms {£J).
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ELECTRICITY

HINT

If an examination question asks you to
write out the equation for caleulating
resistance, cument or voltage, always
give the actual equation such as
V=[x A. You may not get the mark if
you just draw the triangle.

ELECTRICAL RESISTANCE

EXAMFLE 1

When a voltage of 12V is applied across a doorbell there is a current of
0.1 A. Calculate the resistance of the doorbell.

V=IxR

Rearrange the equation,

R=Y

i
_12v
0.1A

=1200

A Figure B.2 You can use lha
triangle methad for rearranging
equations like V== B

If there are two or more resistors connected in series in a circuit, their total
resistance is found by simply adding the individual resistances together. (This
is not true for parallel circuits. You do not need to know how to do this.)

EMAMPLE 2

The circuit on the right contains a J2v
12 V battery and two resistors |
connected in series, — t--| | >

| iﬂ 1 I dn 1

A Figure 8.3 Two resistor series
circuit

Calculate

a the current in each of the resistors
I the voltage across each resistor.

a The total resistance the current must pass through is2 02 +40=610
The current in the circuit () is therefore:

I=ﬁ

_lav
60
=2A
The current in a series circuit is the same everywhera. So the current in
baoth resistors is 2 A.
b UsingVW=IxR
for the 2 Q resistor: V=2Ax2Q=4V
forthe 4 Q resistor: V=2Ax40=8Y

e ————————— " —

g
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EXPERIMENT TO INVESTIGATE HOW CURRENT VARIES WITH
VOLTAGE FOR DIFFERENT COMPONENTS

1 Set up the circuit shown in Figure 8.4.
The resistance wire in the circuit may 2 Turn the variable resistor to its maximum value.
get hot enough to bum skin if the 3 Close the switch and take the readings from the ammeter and the voltmeter.
current/vattage is increased too much,
: 4 Alter the value of the varable resistor again and take a new pair of readings
from the meters,

th

Repeat the whole process at least six times.

o

Place the results in a table (see the table below) and draw a graph of current
( against voltage (V).

&

plece of wire

A Figure §.4 This circwit can be usad to investigate the relationship between current and voltage,

Currentfamps Voltage/valts

0.1 04
nz2 0.3
0.3 1.2
0.4 16
05 20

A Typical resulls table

0.7+
0.6+
£ 05
0.4
0.3

0.1

u.c L] ) L] J ] 1 ) ) ¥ T
00 02 G4 06 08 10 1.2 14 15 18 20
voltagaivalts
A Figure 8.5 Graph of results
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The graph in Figure 8.5 is a straight line graph passing through the origin. The
slope of the graph tells us about the resistance of the wire. The steepear the
slope the smaller the resistance of the wire.

If we repeat this experiment for other components, such as a resistor, a
filament bulb and a diede, the shapes of the graphs we obtain are often very
different to that shown in Figure 8.5. By looking very carefully at these shapes
we can see how they behawve.

CURRENT/VOLTAGE GRAPH FOR A
WIRE OR A RESISTOR

voltage o p.d./V

-

A Figure 8.6
The graph is a straight line. It has a constant slope. So the resistance of this
component does not change.
CURRENT/VOLTAGE GRAPH FOR A i
FILAMENT BULB high resistance
HINT
The flatter the slope the higher the low resistance
resistance. v
A Figure 8.7

This graph is not a straight line. The resistance of the bulb changes. At higher
currents and voltages the slope of the graph shows us that the resistance

of the filament bulb increases — that is, as the temperature of the filament
increases the current decreases,

CURRENT/VOLTAGE GRAPH FOR A ;

DIODE

o oW resistance

high resistance

0.6 v

A& Figure 8.8

This strangely shaped graph shows that diodes have a higlj r?sistanm when
the current is in one direction and a low resistance when it is in the opposite
direction (see page 81).



FIXED RESISTORS

A Figure 8.9 A selection of resistors

ELECTRICAL RESISTANCE

USING RESISTANCE

In many circuits you will find components similar to those shown in Figure 8.9,
They are called fixed resistors, They are included in circuits in order to control
the sizes of curents and voltages. The resistor in the circuit in Figure 8.10 is
included so that both the current in the bulb and the voltage applied across

it are correct. Without the resistor the voltage across the bulb may cause too
large a current and the bulb may “blow” or break,

A Figure 8.10 The resister in the first circult limits the slze of the current. Without the resistor the
cument in the second circuit is too high and the bulb breaks.

VARIABLE RESISTORS

Figure 8.11 shows examplas of a different kind of resistor. They are called
variable resistors as it is possible to alter their resistance. If you alter the
volume of your radio using a knob you are using a variable resistor to do this.

2
A

w 8 w5

A Figure £.171 Variable resistors and their symbol

In the circuit in Figure 8.12 a variable resistor is being used to control the size
of the currant in a bulb. If the resistance is decreased there will be a larger
currant and the bulb shines more brightly. If the resistance is increased the
current will be smaller and the bulb will glow less brightly or not at all. The
variable resistor is behaving in this circuit as a dimmer switch. In circuits
containing electric motors, variable resistors can be used to control the speed
of the motor,

L

A Figure 8.12 Gircuit with a variable resistor belng used as a dimmer switch
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SPECIAL RESISTORS
M A thermistor is a resistor whose resistance changes quite a lot even with

small changes in temperature.

k.

temperaturne
A Figura 8.13 A graph showing a thermistor's decraaging resistance with increasing temperature

IE]_ Thermistors are used in temperature-sensitive circuits in devices such as fire
- irmibinek i e il alarms. They are also used in devices where it is important to make sure there
rasistance when the temperature is no change in temperature, for example, in freezers and computars.
increases. However, for your
Internaticnal GCSE Physics exam you
only need to know about thermistors
whose resistance decreases with
iru:ﬂ'easi'lg Mmparature_

A Figure 8,14 Two examples of thermistors and their symbol — the resistance of a thammistor
changes a |ot as the temperature changes,

LIGHT-DEPENDENT RESISTORS A light-dependent resistor (LDR) has a resistance that changes when light is
(LDRs) shone on it. In the dark its resistance is high but when light is shone on it its

resistance decraases,

resistance

.

figght ritesugity
Figure 8.15 A graph showing an LDR's decreasing resistance with increasing fght intensity

LDRs are often used in light-sensitive circuits in devices such as photographic-
exposure equipment, automatic lighting controls and burglar alarms.

& Flgure 8.16 Light-dependent resistor
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ELECTRICAL RESISTANCE

You can imagine a diode as behaving
like a set of asroplane steps which

the charges have to climb over. If

the charges are moving towards the
correct side of the steps they can flow
through it’, If, however, they try to move
the opposite way there are no steps

for them te climb so the flow in this
direction is almost zera.

Dicdes are very special resistors that allow charges to flow through them easily
but only in one direction.

When a diode is connected as shown in circuit A in Figure 8.17, the diode
offers little resistance to the charges flowing through it. But if the diode is
connected the opposite way round, the diode has a very high resistance

and the rate at which the charges can flow through the diode is much less -
that is, the current is very small. Diodes are often used in circuits where it is
important that electrons flow only in one direction. For example, they are used
in rectifier circuits that convert alternating current into direct current. Some
diodes glow when charges flow through them. They are called light emitting
diodes (LEDs).

circuit A clrcult B
I ]
¥
1
LY £
= = [~ [
™ L=
- - )
AR diode balb off diode does
bull glows: conducis not conduct

A Figure 8.17 Dindes will only let charges flow one way.

o alactron flow

TN T

A Figure 8.18 Diodes are like aeroplane steps = from the ground, you can only climb them in ong
direction. In a dicde the charge can only flow in ona direction,

B
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LOOKING AHEAD - OHM’S LAW AND TEMPERATURE

The relationship between the voltage across a component and its current
iz described by Ohm's law, which states:
The current in a conductor is directly proportional to the potential
difference across its ends, provided fts temperalure remains consiant,

So the resistance of a wire can be found by measuring the voltage (1)
across it and the current () in it when this voltage is applied to the
wire and then calculating a value for the ratio IE (see page 73). But the

law also states that the temperature of the wire must be constant. This
iz because if the temperature of the wire changes, its resistance also
changes.

This happens because at higher temperatures the atoms in the wire
vibrate more vigorously, making it more difficult for the electrons to flow.

w = - = k3
- o o J_‘—‘_"ﬁ;ﬁ- "-\.L.-!- e E

= k3 = x ﬂ e.--
E"q-'—\-—'—\—'—\- "'\—""-\—F'_‘-I-E' +

l vibrating atoms

A Figure 8.19 At higher temperaturas the increased vibration of the atoms makes [t mare
diffecutt for charges to flow.

If 2 wire or conductor is cooled the vibration of its atoms decreases

and so its resistance decreases, At very low temperatures, close to
absolute zaro (-273 °C), these vibrations stop and the conductor offers
no resistance to the flow of charge. This event is called superconductivity
and could be extremely useful, For example, when electricity flows
through a superconductor there is no loss of energy. This means that by
using superconductivity we could transmit electrical energy from power
stations without losses. Scientists around the world are now searching
for materials that are superconductors at temperatures well above
absolute zero,

A Figure 8.20 Maglev trains use superconducting magnets to heip them hower above the tracks. |




ELECTRICAL RESISTANGE

CHAPTER QUESTIONS More questions on electrical resistance can be found at the end of Unit 2 on

page 93.

m CRITICAL THINKING
INTERPRETATION
OECISION MAKIRG
INTERPRETATION

1 AN PROBLEM SOLVING

L[N R INTERPRETATION

A (W CEITICAL THINKING

O SPRCP ROV R e

LTI O

L~

1 a

]

b

Describe how the current in a wire changes as the voltage across the
wire increases.
Draw a diagram of the circuit you would use to confirm your answer to
part a.
Describe how you would use the apparatus and what readings you would
take.
Draw an -V graph for
i a piece of wire at reom temperature
i a filament bulb
lil adiode.
Explain the main features of each of these graphs.

There is a current of 5 A when a voltage of 20V is applied across a
resistor, Calculate the resistance of the resistor.

Calculate the current when a voltage of 12V is applied across a plece of
wire of resistance 500.

Calculate the voltage that must be applied across a wire of resistance
10 Q if the current is to be 3 A.

Describe how the resistance of

i a thermistor changes as its temperafure changes
il a light-dependent resistor changes as an increasingly bright light is
shone on it
il Draw graphs to illustrate these changes,

MName one practical application for each of these resistors.

HINT

Remembar whean doing calculations like thesa to show all your working out and
include units with your answer,



9 ELECTRIC CHARGE

Static electricity is the result of an imbalance of charge. It can be very useful, but it can also be extremely dangerous. In
this chapter, you will learn about some of the uses and problems related to static electricity.

The photograph below shows a spectacular event caused by the build up of static electricity. Flashes of lightning are seen
when thunderclouds discharge their electricity. The discharging currents can be as large as 20000 A and typically take
place in just 0.1 5. Such large currents cause the air to heat up to temperatures of approximately 30 000 °C. At such high
temperatures, the air immediately around the flash of lightning expands at supersonic speeds (faster than the speed of
sound), causing thunder. As the sound waves travel outwards, they slow down and interact with the air and ground along
their paths. This causes the continuous low rumbling sounds we hear during a thunderstorm.

4 Figure 8.1 Lightning strikes the surfaca of the Earth 100 times each sacond, That is 8 million times a day,

LEARNING OBJECTIVES

Explain electrostatic in terms of the

movement of electrons

Identify comman materials which are electrical
conductors or insulators, including metals and plastics

Practical: investigate how insulating materials can be
charged by friction

Explain how positive and negative electrostatic
charges are produced on materials by the loss and
gain of electrons

Know that there are forces of attraction between uniike
charges and forces of repulsion between like charges

Explain the potential dangers of electrostatic charges,
£.9. when fuelling aircraft and tankers

Explain some uses of electrostatic charges, e.g. in
photocopiers and inkjet printers




CHARGES WITHIN AN ATOM

All atoms contain small particles called protons, neutrons and electrons. The
protons are found in the centre or nucleus of the atom and carry a relative
charge of +1. The neutrons are also in the nucleus of the atom but carry no
charge. The electrons travel around the nucleus in orbits. The electrons carry a
relative charge of -1.

neuiral alom orbiting electron — negatively changed
proton — positively changed

neutron = unchanged

nuclaus
af atom

A Figure 9.2 A neutral atom has the same number of negative efectrons and positive pratons (not to
scale),

Normally the number of protons in the nucleus is equal to the number of
orbiting electrons. The atom therefore has no overall charge. It is neutral. If an
atom gains extra electrons, it is then negatively charged. If an atom loses
electrons, it becomes positively charged, An atom that becomes charged by
gaining or losing electrons is called an ion.

CHARGING MATERIALS BY FRICTION
RETPONT AT

It i= possible to charge some objects simply by rubbing them together, But

Some materials (such as matals) ara :
good electrical conductors. Other these objects must be made from different materals and these materials must
materials that do not allow electricity to be electrical insulators.,

i through them easily are know as We can test which materials are conductors and which are insulators using the
- circuit in Figure 9.3,

|

A Figure 9.3 Testing circuit

If we place a conductor between A and B the bulb will shine. If we place an
insulator between A and B the bulb will not shine.

Materials such as graphite and metals such as copper, tin and gold allow
electricity to flow through them easily. They are slectrical conductors.

Materials such as plastic, rubber, glass and wood do not allow electricity to
flow throwgh them easily, They are electrical insulators.
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It iz impaortant to remember that the
rubbing action does not produce or
create charge. It simply separates
charge = that is, it transfers some
alectrons from one ohject to another.

ACTIVITY 1

¥ PRACTICAL: INVESTIGATE HOW INSULATORS CAN BECOME
ELECTRICALLY CHARGED BY FRICTION

We can show how insulating materials can be charged by friction using
an uncharged plastic rod and an uncharged cloth. First we have to check
they are not alreacy charged. We can do this by placing the rod and the
cloth in turn, close to some very small pieces of paper. If the cloth or the
rod is charged, some of the paper will be attracted. If they are uncharged
there will be no attraction (see page 88). Now we rub the rod and the
cloth together for a few seconds and then retest them. Because they are
made from different insulating materials they will be charged.

If we repeat this experiment using objects that are not insulators, or are
made from the same material, they will not attract the small pieces of
paper. That is, they remain uncharged.

EXPLANATION

When the uncharged plastic rod is rubbed with an uncharged cloth,
alectrons from the atoms of the rod move onto the cloth. There is now an
unequal number of positive and negative charges on each. The rod has
lost electrons and so is positively charged, The cloth has gained electrons
and so is negatively charged.

A Figure 9.4 Rubbing an uncharged rod with an uncharged piece of cloth can result in them
both becoming charged.

FORCES BETWEEN CHARGES

cpposite charges attract - the suspended
rod swings towards the held rod

A Figure 9.5 Similar charges repel and opposite charges attract.

Charged objects can exert forces on other charged objects without being in
contact with them. If the charges are similar, the objects repel each other. If
the objects are oppositely charged they attract each other.

|




ELECTRIC CHARGE

Static electricity is a build up of charge
that does not move. The movement of

charge Is current electricity.

EXTENSION WORK

Althiough you will not be tested on the Van de Graaff
generator it can be used to show dramatically the
repulsion between similar charges.

Figure 9.6 shows what can happen if a person is
charged with static electricity. Tha girl has her hands
on & Vian de Graaff generator. When it is turned on,
charges flow anto the large metal dome. Some of the
charges flow over her hands and onto all parts of her :
body, including her hair. Each strand (piece) of hair has & Figure 9.6 A build-up of
the same type of charge as its neighbour. Thara are static electricity means thal
repulsive forces betwean the strands, so the strands each hair an the girl's head
repel each other. These forces cause her hair to stand has the same charge, and
on end, they repel each other.

For this demonstration 1o work, the girl must stand

on an insulator to prevent any of the charges sha is

receiving from the generator from escaping into the

flgor. At the end of the demonstration the girl steps

off the insulator - the charges can now escape and

her hair falls. When a path is provided for charges to

escapait is called earthing.

FORCES BETWEEN CHARGED AND UNCHARGED OBJECTS

It is possible for a charged object to attract something that is uncharged. The
balloon expariment demonstrates this.

If you charge a ballcon by rubbing it against your jumper or your hair and
then hold the balloon against a wall you will probably find that the balloon
sticks to the wall. There is an attraction between the charged balloon and the

uncharged wall.

EXPLANATION

After the balloon has been charged with static electricity, but before it is brought
close to the wall, the charges will be distributed as shown in Figure 9.7a. The
balloon is charged (we have assumed negatively charged) and the wall is
uncharged - that is, it has equal numbers of positive and negativa charges.

As the negatively charged balloon is brought closer to the wall some of the

negative electrons are repelled from the surface of the wall. This gives the surface

of the wall a slight positive charge that attracts the negatively charged balloon.

a baloon - _  wallg b -
¥ ) 4 - e -
- - = i =
: - B E i —
. T a
- " B = | -|3  Z the negative
i - 2 . *  °  charges ang
f il 13 H ; repelled
+ s
+ opposite
; charges
- attract
+
+
&

A Figure 9.7 a The negatively charged baHoon approaches the neutrally charged surface of the wall,
b The positive charge on the surface of the wall attracts the oppositely charged balloon.
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You can try a similar experiment using a plastic ruler and some small pieces of
paper. Rub the plastic ruler on the sleeve of your jumper. The ruler will become
charged. (We have assumed that the ruler has become positively charged.) If it
is held close to some small, uncharged pieces of paper some electrons within
the paper will be attracted to the edges closest to the ruler. There will be an
attraction between these negative parts of the paper and the positive ruler.

A Figura 9.8 The charged ruler induces a charge in the paper, and the twa atiracl.

it <t e iR

of paper are called induced charges. Take a plastic ruler or rod and rub it againgt a jJumper to charge it with static

When the ruler is removed the charges electricity. Turn an a water tap 5o that the water flows from the tap as slowly as ,
redistribute (rearrange) themsetves so possible but as a continuous flow (not as a series of drops). Hold the charged rod or

that the pieces of paper are ance again ruler close to the stream of water but not in it. What happens to the water? Can you
uncharnged. explain what is happening?

The gold leaf electroscope

The gold leaf electroscope is a very useful instrument for detecting charge. It is not mentioned
in your examination specification but if you can understand how it works you will have
understood the most important properties of stalic electricity.

The matal plate at the top of the electroscope is connected to a metal rod inside the case, The
rad has a small thin piece of metal (called a ‘leaf') attached to it. This is usually made of goid,
as gold can be made into exiremely thin sheats. If an electrically charged object is brought
close to the plate at the top, the gold leaf will move.

meatal
mod

A Figure 9.9 A modern gold ieal
eleciroscope

.
+
-

A Figure 910 a I there are no electrically charged objects held close 1o tha plale the positive and negative
charges are evenly spread throughout the electroscope and the gald feal ks not defiecied. b If 3 positively
charged object iz brought close it attracts negative charges upwards onto the metal plate. This leaves both
the metal rod and the godd leaf positively charged. They repel each other, 5o the leaf rises. ¢ If a negatively
charged ohject is brought chose it repels the negatively charged electrons on the plate pushing them down
onta the gald leaf and the bottom of the red. These fike charges repel and the 1eaf again moves upwards,
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USES OF STATIC ELECTRICITY

ELECTROSTATIC PAINT SPRAYING Painting an awkwardly shaped object, such as a bicycle frame, with a spray

A Figure 9.12 An Inkjed printer

gun ¢an take a long time and use a lot of paint. Using electrostatic spraying
can make the process much more efficient.

A Figure 9.11 The pogitive paint ks attracted (o all parts of the negatively charged object.

As the drops of paint emerge from the spray gun, they are charged. As the
drops all carry the same charge they repel and spread out forming a thin spray.
The metal bicycle frame has a wire attached to an electrical supply giving

the frame the opposite charge, The paint drops are therefore attracted to the
surface of the frame, There is the added benefit that paint is attracted into
places, such as comers, that would normally be hard to reach.

the ink dot on the paper

G__ nagativaly charged ink drop
+ 1
u
+.
+ L}
b :
-
i 'l
i . altering {he charges on
; the deflection plates
X changes the position of
A
*I

Figure 9.13 The charged ink drops are deflected into the correct position on the paper.

Many madern inkjet printers use inkjets to direct a fine jet (stream) of ink
drops onto paper. They do this by using electrostatic forces. Each spot of
ink is given a charge so that as it falls between a pair of deflecting plates,
electrostatic forces diract it to the correct position. The charges on the plates
change hundreds of times each second so that each drop falls in a different
position, forming pictures and wards on the paper as required.
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PHOTOCOPIERS

-
4

Toner drops on to drem
and sticks to charged areas.

//

g

A Figure 9.15 A photocopier

s A T ™
Faper is prossed against Paper ks heated to
toner image to give mdl toner image.
This forms permanent

image on pager,

A Figure 9,14 Static electricity is used in photecopiars,

Positive charges are sprayed onto a turning drum whose surface is covered
with a metal called selenium. A bright light is shone onto the sheet of paper to
be copied. The white parts of the paper reflect light onto the drum; the dark
or printed parts do not. In those places where light is reflected onto the drum
the selanium loses its charge but whera no light is reflected onto the drum the
charge remains. A negatively charged carbon powder called toner is blown
across the drum and sticks to just those parts of the drum that are charged.
A sheet of paper is now pressed against the drum and picks up the pattern of
the carbon powder. The powder is then fixed in place by a heater.
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ELECTROSTATIC PRECIPITATORS

Marvy heavy industrial plants, such as steel-making furnaces and coal-fired

-

A Figure 9.17 Earthing during refuelling

power stations, produce large quantities of smoke. This smoke carries small
particles of ash and dust into the environment, causing health problems and
damage to buildings. One way of removing these pollutants from the smoke is
to use electrostatic precipitators.

smoka with dust particles removed

charged dust particles are attracted to
parthed metal plates

negatively charged ash and dust particles
mash of wires

ash and dust partiches

codl

A Figure 9.16 Electrestatic precipitators help to cut down the amount of pollution released into the
atmosphere.

As the smoke initially rises up the chimney, it passes through a mesh of

wiras that are highly charged. (The wires are at a voltage of approximately
~50000 V) As they pass through the mesh, the ash and dust particles become
negatively charged. Higher up the chimney, these charged particles are
attracted by and stick to, large metal earthed plates. The cleaner smoke is then
released into the atmosphere. When the earthed plates are completely coverad
with dust and ash, they are tapped hard. The dust and ash fall into collection
boxes, which are later emptied.

In a large coal-fired power station, 50-60 tonnes of dust and ash may be
removed from the smoke each hour!

PROBLEMS WITH STATIC ELECTRICITY

In some situations the presence of static electricity can be a disadvantage.

As aircraft fly through the air, friction causes them to become charged with
static electricity. After an aircraft has landed there is the possibility of charges
escaping to earth as a spark or flash of electricity. If this takes place during
refuelling, it could cause an explosion. The solution to this problem is to

parth the plane with a conductor as soon as it lands and before refuelling
begins, allowing the charge that has built up to flow to earth. Fuel tankers that
transport fuel on roads must also be earthed before any fuel is transferred, to

prevent sparks causing a fire or an explosion.
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Sometimes after a long car journey on a dry day we can become charged
with static electricity and whean we step from the car we might receive a small

glectric shock.
O clothing can become charged with static electricity under certain

circumstances, When we remove the clothes there is the possibility of
receiving a small electric shock as the charges escape to earth.

CHAPTER QUESTIONS
m CRITICAL THINKING )
f 7

L IR INTERPRETATION

LD AEASONIG J

SN ADAPTIVE LEARNING

ED
f—
i SR

Read again about the balloan expariment.

L AW CRITICAL THINKING

See section 'Problems with static
electricity”.

More questions on domestic electricity can be found at the end of Unit 2 on
page 93,
1 a What charge is carried by each of these particles?
i a proton
il an electron
iil a neutron
b Where inside an atom are each of the three particles mentioned in part 2
found?

& How many protons are there in a neutral atom compared to the number
of electrons?

d What do we call an atom that has become charged by gaining or losing
alectrons?
& Describe with diagrams how two objects can be charged by friction
{rubbing).
2 Explain the following.
a A crackling sound can sometimes be heard when remaoving a shirt.

b Sometimes after a journey in a car you can get a small electric shock
when you touch the handle of the door.

c A plastic comb is able to attract small pleces of paper immediately after it
has been used.

o After landing, aircraft are always ‘earthed’ before being refuelled.
3 a In a photocopier, why does toner powder stick to some places on the
selenium-coverad drum but not to others?

b Explain why ash and dust particles are attracted towards the earthead
metal plates of an electrostatic precipitator after they have passed
through a highly negatively charged mesh of wires.

4 Lightning is caused by clouds discharging their static electricity.
a Find out:
i how the clouds become charged
il how a lightning conductor works.
b Suggest two places which might be
i unsafe during a thunderstorm
il safe during a thunderstorm.

Computer chips can be damaged by static electricity if a spark jumps
between a worker and a computer. Suggest how workers who build and

repair computers avoid this prablam.
END OF PHYSICS ONLY

o




m PROBLEM SOLVING .:)

UNIT QUESTIONS

m CRITICAL THINKING -:.I n a Which of the following is not used to protect us from the possibility of

receiving an electric shock?
A double insulation

B live wira

C earth wira

D circuit breaker

(1)
b Which of the following is true for a negatively charged object?
A It will attract another negatively charged object.
B It has too few electrons.
C It has too many neutrons.
D It has gained exira electrons.

(1)
¢ Which of the following is true for all parallel circuits?
A Parts of the circuit can be turned off while other parts remain on.
B The current is the same in all parts of the circuit,
C Thera is only one path for the current to follow.
D There are no junctions or branches.

(1)
d When a voltage of 6 \V is applied across a resistor there is a current of 0.1 A
The value of the resistor is

A GO
B 800
C 1660
Do&sO
(1)

(Total for Question 1 = 4 marks)

w CRITICAL THIMKING r? B Copy and complate the following passage about electricity, filling in the

Spaces.
An electric current is a flow of . A current of 1 amp is 1 of charge
flowing sach second. The voltage is the transferred per coulomb of
charge.

The current in a companent depends on the voltage and the ; the higher
the resistance, the the currant.

(Total for Questions 2 = 5 marks)



UNIT QUESTIONS

ANBLYSIS B Asma set up the circuit shown below to investigate how the resistance of a
bulb changes as the current in it changes. '
I|—-l| s

ol { }

z
'5) a What are the names of the instruments labelled ¥ and 27 2)
b What is the name of the component labeiled X7 (1)
9 ¢ What is the purpose of X in this circuit? (1)

Asma takes a series of readings. She measures the voltage across the bulb
and the current in it. She then plots the graph shown below.

4.0
3.0+
<
E 20-
o
1.0+
0.0 : . r T T .
0 2.0 4.0 6.0 8.0 100 120
Valtage, WiV
d What is the current in the bulb when a voltage of 6V is applied
across it? (1)
e What voltage is applied across the bulb when there is a current of 2A7 (1)
prosLen souns 7 f Calculate the resistance of the bulb when there is a current of 2 A. @)
LA N REASONING s', g What happens to the resistance of the bulb as the current increases? (1)
(Total for Question 3 = 9 marks)
m PROBLEM SOLVING n A simple series circuit containing a 12V battery and a 1010 resistor was
constructed as shown below.
12V -
l' "{ I
100
T
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a Calculate the current between points X and Y. i2)
b Calculate the total charge that flows between X and ¥ in 5s. 2)
¢ Calculate the energy transferred in the resistor in 1 minute. (2)

(Total for Question 4 = 6 marks)

An electric kettle is rated at 2 KW when connected to a 230V electrical supply.

a Calculate the current when the kettle is turned on. (3)
b What value fuse should be included in the circuit of the kettla?

(Assume that the fuses available are 3A, 5A and 13A) (1)
c Modern kettles often have double insulation. Explain what this means

and how it provides extra safety for the user, (2}
d Calculate the resistance of the heating element of the kettle. 13)

[Total for Question 5 = 8 marks)

a Explain in detail how insulating materials can be charged by friction. (4)

b When an aircraft lands it is important that it is earthed before it is
refuelled.

i Explain why the aircraft should be earthed. (3)
il Suggest one way in which the aircraft could be earthed. (1)

¢ Explain why electrostatic painting of objects, such as bicycle frames,
makes good economic sense. (3)

d Describe briefly how an inkjet printer makes use of some of the

properties of static electricity. (3)
(Total for Question 6 = 14 marks)
a Describe four uses of the heating effect of electricity in the home. {4

b Explain why a double-insulated hairdryer does not need an earth wire
in its cable. {2)

(Total for Question 7 = 6 marks)

Calculate V.

s ] J

i DEE:Y
1000 200
| I L i

a the voltage across the 20 () resistor (2)
b the voltage across the 100 () resistor (2)
¢ the voltage of the cell (V). (1)

(Total for Question 8 = 5 marks)
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UNIT 3
WAVES

There are many different types of waves. They affect all of our lives. Sometimes they are useful and
can be a tremendous benefit to the way we live. Sometimes they can be dangerous and pose a real

risk to life. It is therefore very important that we understand the main features and properties of
waves.
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10 PROPERTIES OF WAVES

* Talking to someone using a mobile phone is something most
 of us do several times a day. The technology that had to

. be developed for this to happen was based on a thorough

i understanding of the properties of waves.

" In this chapter you will learn about different types of waves
and their properties (characteristics).

LEARNING OBJECTIVES

Explain the difference between longitudinal and
transverse waves

Know the definitions of amplitude, wavefront, frequency,
wavelength and period of a wave

Know that waves transfer energy and information
without transferring matter

Know and use the relationship between the speed,
frequency and wavelength of a wave:

wave speed = frequency = wavelength
= Ffx A

A Figure 10,1 Usimg microwaves o communicats

Use the relationship between frequency and time period:
1
time period

frequency =

T

Use the above relationships in different contexis
including sound waves and electromagnetic waves

Explain that all waves can be reflected and refracted

Explain why there is a change in the ohserved
frequency and wavelength of a wave when iis source
is moving relative to an observer, and that this is
known as the Doppler effect

WHAT ARE WAVES?

degrees (%) as the unit of angle, hertz Waves are a way of transferring energy from place to place. As we can see in
{Hz) as the unit of frequency, metre (m) Figure 10.1 we often use them to transfer information. All these transfers take
as the unit of length, metre per second place with no matter being transferred.

In this unit, you will nead to use

{mis) as the unit of speed and second
{5) a5 the unit of time.

A Flgure 10.2 Waves are produced if we drop a stona into 8 pend. The circular wavefronts spread
ot from the point of impact, camying enargy in all directions, but the waber in the pond does nol
miove from the centre to the adges,
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WHAT ARE WAVEFRONTS?
direction of movement of energy
—_—

wavea wavefronk

A Figure 10,3 Wavefronts are created by overlapping lots of different waves. A wavefront is a line
whare all the vibrations: are in phasa and the same distance from the source,

TRANSVERSE WAVES Waves can be produced in ropes and springs. If you move one end of a spring

from side to side you will see waves travelling through it. The energy carried
by these waves moves along the spring from one end to the other, but if you
look closely you can see that the coils of the spring are vibrating (shaking)
across the direction in which the enengy is moving. This is an example of a
transverse wave.

A transverse wave is one that vibrates, or oscillates, at right angles to the

direction in which the energy or wave is moving. Examples of transverse waves
include light waves and waves travelling on the surface of water.

vibration of colia

& Figure 10.4 A transwerse wave vibrates at right angles to the direction in which the wave |5 mowing.

LONGITUDINAL WAVES If you push and pull the end of a spring in a direction parallel to its axis, you

can again see energy travelling along it. This time however the coils of the
spring are vibrating in directions that are along its length. This is an example of
a lengitudinal wave.

¥ 11#'#'#'&'.#'#'#'1HJ.I-ItH-I-HJ.I|lJ.*I'LIILII.L'&.I&II.LIIJLI.Ia‘J.I-lM-

W
A Figure 10.5 A lengitudinal wave vibrates along the direction in which the wave ks travelling.
A longitudinal wave is one in which the vibrations, or oscillations, are along

the direction in which the energy or wave is moving. Examples of longitudinal
waves include sound waves.
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A is the Gresk latter lambda and is the
usual symbaol for wavelength.

PROPERTIES OF WAVES

DESCRIBING WAVES

When a wave moves through a substance, its particles will move from their
equilibrium (resting position). The maximum movement of particles from their
resting or equilibrium position is called its amplitude (A).

wavelength

A Figure 10.6 A wave has amplitude and wavelength.

The distance between a particular point on a wave and the same point on the
next wave (for example, from crest to crast) is called the wavelength [A).

If the source that is creating a wave vibrates quickly it will produce a large
number of waves each second, If it vibrates more slowly it will produce fewer
waves each second, The number of waves produced each second by a
source, or the number passing a particular point each second, is called the
frequency of the wave {f). Frequency is measured in hertz (Hz). A wave source
that produces five complete waves each second has a frequency of SHz.

51/\/\ *EV’\/TQ
ﬁ\/\/g_l _______ WAL

A Figure 10.7 The amplitude of & wave is as shown ina, and not as in b.

A Figure 10.8 This graph shows a wave with a frequancy of 5 Hz

The time it takes for a source to produce one wave is called the time period
of the wave (T). It is related to the frequency () of a wave by the aquation:

1
time period, T (s)

frequency, FiHz) =

f=

~il=

This equation can also be written as

1]

T_

'-ﬂ.I-!-
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Calculate the period of a wave with a frequency of 200 Hz.

1
T==—
f

1

- r———

200 Hz
= 0.005 or 5 ms (1000 ms = 1 5)

THE WAVE EQUATION

There is a relationship between the wavelength {A), the frequeancy (f) and the
wave speed (v) that is true for all waves:

wave speead, v (m/s) = frequency, f (Hz) = wavelength, A (m)

A Figure 10.9 You can use the triangle method
for rearranging equations like v= fx 4 v=F=A

t=03 distance travelled by wave in 15 = 4 = wavelength t=1%

HINT

If an examination question asks you 1o
write out the equation for calculaling
wave speed, wavelength or frequency,
always give the actual equation such
as v ={x A You may not be awarded a
rnark if you just draw the triangle.

A Figure 10010 4 wave with a frequency of 4 Hz

Imagine that you have created water waves with a frequency of 4 Hz. This
means that four waves will pass a particular point each second. If the
wavelangth of the waves is 3 m, then the waves traval 12 m sach second. The
spead of the waves is therefore 12 m/s.
¥=FfxA
=4 Hz=3m
=12 m's

EXAMPLE 2

A tuning fork creates sound waves with a
frequency of 170 Hz. If the speed of sound in
air is 340 m/s, calculate the wavelength of the
sound waves,

vr=FfxA

v
So .i'.-f
Hadﬂm.fs
170 Hz
=2m

A Figure 10.11 A tening
fork
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PROPERTIES OF WAVES

THE RIPPLE TANK

We can study the behaviour of water waves using a ripple tank.

When the motor is turned on, the wooden bar vibrates creating a series of
ripples or wavefronts on the surface of the water. A light placed above the tank
creates patterns of the water waves on the floor. By observing the patterns we
can see how the water waves are behaving.

A Figure 10.12 The light shines through the waler and we can see the patiems of the waves,

WAVELENGTH AND FREQUENGCY

The motor can be adjusted to produce a small number of waves each second.
The frequency of the waves is small and the pattern shows that the waves
have a long wavelength.

At higher frequencies, the water waves have shorter wavelengths. The speed
of the waves does not change.

a fow fraquency b higher fraquancy
side
VIgW

wavelength

wavelength
WAVE
patterm

A Figure 10.13 When tha frequency of the waves i fow, the wavelength is fong. When the Iréguency
is higher, the wavelangth is shorter.

10
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Anormal is a line drawn at right angles
to a surface.

The angle of incidence is the angle
between the direction of the waves
as they approach the barrier and the
narmal,

The angle of reflaction is the angle
between the direction of the waves
after striking the barrier and tha
mormal.

REFLECTION

All waves can be reflected. If they hit a straight or flat barrier, the angle at
which they leave the barrier surface is equal to the angle at which they meet
the surface - that is, the waves are reflected from the barrier at the same angle
as they strike it. This is described by the ‘Law of Reflection’ which states that:

The angle of incidence is equal to the angle of reflaction.

direciion of travel of the wavelfronts before redlection

angle of reflection |

A Figure 10.14 Waves striling a flat barrier are reflacted. The angle at which they strike the bamier
is the same as the angle at which they are reflacted.

Although you will not be asked this in your exam, it is interesting to see how waves
are reflected from curved surfaces.

When the waves strike a concave barrier, they are made to converge (come together),

= i i CONCHg
wave T e 1 barrier
diraction
betore
striking G 'L,r)(’
barrier F‘H;,L ,
convenga
- after siriking
I concawe
barriar

& Fgura 10.15 Wavas striking a concave barier are reflected and converge.

A Figure 10,16 Radio telescopes have concave reflecting dishes so that the signals from space
reflect and converge onto a detector that is placed in front of the dish.

T




WAVES PROPERTIES OF WAVES 103

H%‘f‘? /T\L‘H_ e
N e

after striking
convex barmier

A Figure 10.17 Waves striking a convex barrier ane reflected backwands and spread out,

| |

When waves are reflected by a surface that is curved cutwards (conves), they
diverge (spread ouf).

A Figure 10.18 The light waves reflected from this concave maks-up miror create a magnified image.

REFRACTION

The pencil in Figure 10,19 is straight but it seems to bend at the surface of the
water. This happens because light waves in water travel more slowly than
light waves in air. This change in speed as they leave the water causes the
light waves to change direction. This change in direction is called refraction.
All waves - light waves, sound waves, water waves - can be refracted.

Many optical instruments such as microscopas, telescopes and Cameras uss
specially shaped pieces of glass or plastic (called lenses) to bend or refract light
waves in a useful way,

sEenNsor

object sharp
focusad
image
A Figure 10,19 a The pencll seems to bend =
al the alrfwater boundary. b Why the A Figure 10.20 In thiz camera, light waves are refracted by a glass lens to créate a sharp image
pencil appears to be bent. Rays of light are an the sensar ar film. Refraction occurs because light travels more showly In glass than in air,

refracted at the water surface.
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A Figure 10,21 A stationary source of sound

When a car is not moving the sound waves we receive from its engine or from
its hom arrive as a series of equally (evenly) spaced wavefronts. People in front
of and behind the car hear sound of the same frequency and wavelength.

A Figure 10.22 A moving source of seund

If the car is moving, the wavefronts are no longer evenly spaced. Ahead of the
car the wavefronts will be compressed as the car is moving in this direction.
The waves will have a sharter wavelength and a higher frequency. Person

B therefore hears a sound that has a higher pitch than when the car was
stationary. Behind the car the waves are stretched out 50 person A hears

a sound with a longer wavelength and lower frequency - that is, the pitch
appears to have decreased.

These apparent changes in frequency, which occur when a source of waves
is moving, is called the Doppler effect and is a property of all waves.
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A

>

Mare questions on wave properties can be found at the end of Unit 3 on
page 130.

1 a Explain the differance between a transvarse wave and a longitudinal
wave.

b Give one example of each.

< Draw a diagram of a transverse wave. On your diagram, mark the
wavelength and amplitude of the wave.

2 The diagram below shows the displacement of water as a wave travels

e

From the diagram calculate:
a the period of the wave
b the frequency of the wave.

3 The speed of sound in water is approximately 1500 m/s.
a What is the frequency of a sound wave with a wavelength of 1.5 m?

b What is the period of this wave?

4 @ Explain why the sound produced by the horn of an approaching car
seems to have a higher frequency than one that is stationary.
b If the same car approached at a much higher speed how would this
affect the frequancy of the sound heard?
¢ Describe the frequency of the sound heard by the observer if the car is
moving away at high speed.

5 Explain why this hunter should not aim at the fish he can see.
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11 THE ELECTROMAGNETIC SPECTRUM

The electromagnetic spectrum is a family of waves, varying
in wavelength and Irequency. Although it is continuous,

it is helpful to consider smaller groups of waves within the
spectrum. These groups have distinct properties.

As we will see in this chapter, understanding the different
properties allows us to use these waves in many situations
including cooking and communication.

B Figure 11.1 When we shine white light through a prism it splits
up forming & band of colours. This band is one small part of the

alectromagnetic spectrum,

LEARNING OBJECTIVES

Know that light is part of a continuous B visible light: optical fibres and photography
electromagnetic spectrum that includes radio,

microwave, infrared, visible, ultraviolet, x-ray and
gamma ray radiations and that all these waves B x-rays: observing the internal structure of objects and

travel at the same speed in free space materials, including for medical applications

Know the order of the electromagnetic spectrum B gamma rays: sterilising food and medical equipment

In terms of gecreasing wavelength and increasing Explain he detrimental effects of excessive exposure of

fﬂr;?;t::!c;?' notuding:the: colours ot e visibie the human body to electromagnetic waves, including:

ultraviolet: fluarescent lamps

! : B microwaves: internal heating of body tissue
Explain some of the uses of electromagnetic g y

radiations, including: B infrared: skin burns

B radio waves: broadcasting and communications B ultraviolet: damage to surface cells and blindness

B microwaves: cooking and satellite transmissions W gamma rays: cancer, mutation
B infrared: heaters and night vision equipment and describe simple protective measures against the risks

THE ELECTROMAGNETIC SPECTRUM

Eml:liu Waves

.t iakt
T00nm  B30nm  570nmm  510nm  475nm  445nm 400nm
typical wavelengths in nanometres (1Tnm =1 = 10r%m)

A Figura 11.2 The complete slectromagnetic spactrum
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Radio waves

Microwaves

Infrared (IR}

Wisitile lght
Uitraviodet
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X-rays

Gamma rays
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THE ELECTROMAGNETIC SPECTRUM

The electromagnetic spectrum (EM spectrum) is a continuous spectrum of

waves, which includes the visible spectrum. At one end of the spectrum the
waves have a very long wavelength and low frequency, while at the other end
the waves have a very short wavelength and high frequency. All the waves

have the fol

lowing properties:

1 They all transfer energy.

& ka

space),

They are all transverse waves.
They all travel at 300000 000 m/s, the speed of light in a vacuum (free

i They can all be reflected and refracted.

Remember that the wave equations we met in the previous chapter can be

applied to any member of the electromagnetic spectrum.

EXAMPLE 1

Yellow light has a wavelength of 5.7 x 10-7 m. What is the frequency and

period of yellow light waves?

V=
Sof=

f=A

o

A

3= 10" mfs
5.7 x10-"m

=5.26 x 10" Hz

The table below shows the different groups of waves in order, and gives sorme

of their usas.

10P=10¢

102103

107210

104107

10104

1010

10-10-10-14

radio transmitters,
TV transmitters

microwave transmitters
and avens

hot objects

luminous objects

UV tamps and the Sun

x=-ray tubes

radivactive materials

1
T==
f

1

“5.26x 10" Hz
=19x105g

radin and TV aerials

microwave receivers

skin, blackened
thermometer, special
photographic film

the eye, photographic film,
light-dependent resistors

skin, photographic film
and some fluorescent

chemicals
photographic film

Geiger-Muoller tube

long-, medium- and short-
wiave radia, TV (UHF)

maobile phone and satellit
communication, cooking

infrared cookers and

heaters, TV and stereo

remate controls, right
vision

saging, communication
(optical fibres),
pholography

fluorescent tubes and UV
tanning lamps

x-radiography to observe

the internal structre of

objects, including human
bodies

sterilising equipment and
food, radiotherapy

107
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_ You do not need to remember the values of frequency and wavelength given
in the table but you do need to know the order of the groups and which has
J:g"j;ﬁnmlﬁg i m':u::fﬁ the highest frequency or longest wavelengths, Most importantly, you need to
using 'Graham's Xylophone Uses Very realise that it is these differences in wavelength and frequency that give the
Interesting Musical Rhythms, groups their different properties - for example, gamma rays have the shortest
wavelengths and highest frequencies, and carry the most energy.

RADIO WAVES Radio waves have the longest wavelengths in the electromagnetic spectrum.

They are used mainly for communication.

radio waves emithed by
transmittar
T ' ld
. |
M
o ch
signal to be transmitted radia il mmmm

A Figure 11.3 Radio waves are emitted by a transmiftter and detected by an aerial.

Radio waves are given out (amitted) by a transmitter. As they arrive at an aerial,
they are detected and the information they camy can be received. Televisions and
FiM radics use radio wawves with the shorter wavelengths to carry their signals.

M Microwaves are usad for communications, radar and cooking foods. Radar

uses radio waves 1o find the position of things.

spectal electric circuits

MICFoWaVas ane
reflected from. == L= . produce microwaves
metal casing
~metal guides direct
milcrowaves towards
rotating reflector
food absorbs i
mww r ritlector sends

becomes hot microwaves in all
directions
A Figure 11.4 Food cooks quickly in @ microwave oven because water molecules in the food absorb
the microwaves, I

Food placed in a microwave oven cooks more guickly than in a normal oven.
This is because water molecules in the food absorb the microwaves and
become very hot. The food therefore cooks throughout rather than just from
the outside.

Microwave ovens have metal screens that reflect microwaves and keep them
insice the oven. This is necessary because if microwaves can cook food, they
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can also heat human body tissuel The microwaves used by mobile phones
transmit much less energy than those used in a microwave oven, so they do
not coolk your brain when you use the phone, However evidence is growing
that supports the idea that overuse of mobile phones may eventually harm the
brain.

Microwaves are used in communications. The waves pass easily through

the Earth’s atmosphere and so are used to carry signals to orbiting satellites.
Fram here, the signals are passed on to their destination or to other orbiting
satellites, Messages sent to and from mobile phones are also carried by
microwaves. The fact that we are able to use mobile phones almost anywhere
in the home and at work confirms that microwaves can pass through glass,
brick and so on.

A Figure 11.6 Signals are carried from this
remote control to a TV by infrared waves,

All objects, including your body, emit infrared (IR) radiation. The hotter an
object is, the more energy it will emit as infrared, Energy is transferred by
infrared radiation to bread in a toaster or food under a grill, Electric fires also
transfer heat enengy by infrared,

Special cameras designed to detect infrared waves can be used to create
images even when thera is no visible light. These cameras have many uses,
including searching for peaple trapped in collapsed buildings, searching for
criminals and checking for heat loss from buildings.

i"uiéritime a_';‘-r
Coastguard

A Figure 11.5 1t is not possible to see these people trapped at the bottom of a ciiff using normal
visibie light. By using infrared detectors they can ba found easity and rescued,

Infrared radiation is also used in remote controls for televisions, DVD players
and stereo systems. It is very convenient for this purpose because the waves
are nat harmful. They have a low penetrating power and will therefore
operate only over small distances, so they are unlikely to interfere with other
signals or waves.

The human body can be harmed by too much infrared radiation, which can
cause skin burns.



110 WAVES

EXTENSION WORK

When talking about light and colour,
we often refer to the seven colours in
the visible spectrum. These colours are
red, orange, vellow, green, blue, indigo
and violet; red light has the longest
wavaelangth and lowest frequency. If
vou look back at Figure 11.1, you may
only be able to make out six colours -
most people have difficulty separating
indigo and viclet (twa types of

purple). Sir 1saac Newton (1642=-1727)
discoverad that ‘white' light can be split
up into different colours. He believed
that the number seven had magical
significance, and so he decided thera
were seven colours in the spectrum!

A Frgura 11.8 UV light ¢an cause sunbum so
wi need 1o protect our skan.

Figure 11.7 Using vizible light

This is the part of the electromagnetic spectrum that is visible to the human
eye. We use it to see. Visible light from lasers is used to read compact discs
and barcodes. It can also be sent along optical fibres, so it can be usaed for
communication or for looking into hard-to-reach places such as inside the
body of a patient (see page 121). Visible light can be detected by the sensors
in digital cameras, and used to take still photographs or videas. Information
stored on DVDs is also read using visible light.

Part of the light emitted by the Sun is ultraviolet (UV) light. UV radiation is
harmful to human eyves and can damage the skin,

UV light causes the skin to tan, but overexposure (too much) will lead to
sunburn and blistering. Ultraviclet radiation can also cause skin cancer and
blindness. Protective goggles or glasses and skin creams can block the UV
rays and will reduce the harmful effects of this radiation.

The ozena layer in the Earth’s atmosphere absorbs large quantities of the
Sun's UV radiation. There is real concern at present that the amount of ozone
in the atmosphere is decreasing due to pollution. This may lead to increased
nurmbers of skin cancers in the future.

Sarme chemicals glow (shine), or fluoresce, when under UV light. This property
of UV light is used in security marker pens. The special ink is invisible in
normal light but becomes visible in UV light.

Figure 11.9 This red code s only visibfe under UV light.




WAVES THE ELECTROMAGNETIC SPECTRUM 111

ieay

|

mercury vapouwr inside the tube gives off whan the LIV light strikes the fluorescent
UY rays when a current is passed through it powder coating the tube, white light is given out

w Fegure 11.10 Fluorescant tubes giow when UV light hits the flusrescent coating in the tube.

Fluorescent tubes glow (shine) because the UV light they produce strikes a
special coating (covering) on the inside of the tube, which then emits visible
light.

m X-rays pass easily through soft body tissue but cannot pass through bones. As

a result, radiographs or x-ray pictures can be taken to check a patient’s bones,

& Figure 11.11 X-ray of a broken leg

Working with x-rays can cause cancer. Radiographers, who take x-rays, are at
risk and have to stand behind lead screens or wear protective clothing.

¥-rays are also used in industry to check the internal structures of objects -
for example, to look for cracks and faults in buildings or machinery — and at

Figure 11.12 X-rays were used to 528 what « : .
: rport art of the secunty checking procedura.
was in this suitcase. BfpONS AS B acunty g pro

GAMMA RAYS Gamma rays, like x-rays, are highly penetrating rays and can cause damagea

to living cells. The damage can cause mutations (negative changes), which
can lead to cancer, They are used to sterilise medical instruments, to kill
microorganisms so that food will keep for longer and 1o treat cancer using
radiotherapy. Gamma rays can both cause and cure cancer. Large doses of
gamma rays targeted directly at the cancerous growth can be used to Kill the
cancer cells completely.

Like x-rays the use of lead screens, boxes and aprons can prevent the damage
caused by gamma rays (overexposurs).

targated cells

= Qnly M 5 e doge of
gamma radiation high encugh
to damaga or kill calls

source of

Jamma rays

b Figure 11.13 The gamma rays are aimed carefully so that they cross at the exact location of tha
cancerous cails.
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CHAPTER QUESTIONS Mare guestions on using waves can be found at the end of Unit 3 on page

130.
CRITICAL THINKING r:) 1 a Name four wave properties that are cormmeon to all members of the
electromagnetic spectrum.
b Mame three types of wave that can be used for communicating.
¢ Mame two types of wave that can be used for cooking.
d Mame one type of wave that is used to treat cancer.

e Mame one type of wave that might be used to ‘see’ people in the dark.
d Mame one type of wave that is used for radar.

m REASONING D 2 Explain why:
a microwave ovens cook food much more quickly than normal ovens
by x-rays are used to check for broken bones
o it is important not to damage the ozone layer around the Earth
o food stays fresher for longer after it has been exposed to gamma radiation.

3 a Explain one way in which you could prevent overexposure ([damage) by

the following waves:;
I x-rays
ii ultraviolet waves.
L RE R CRITICAL THINKING b Select one of the above waves and then describe one consequence of
OVErexposune,
1 [ WS NTERPRETATION D 4 Copy and complete the table below for four more different wave groups

within the electromagnetic spectrum.

X-Tays Cancer lead scoeening
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. We see objects because they emit or reflect light. In
. this chapter you will learn how light behaves when
it refiects from different surfaces, and what happens
when light travels from one transparent material to
another,

LEARNING OBJEGTIVES

Know that light waves are transverse waves and that

they can be reflected and refracted

Use the law of reflection {the angle of incidence eguals

the angle of reflection)

Draw ray diagrams to illustrate reflection and refraction

Fractical: investigate the refraction of light, using

rectangular blocks, semi-circular blocks and triangular

prisms

Know and use the relationship between refraclive index,

angle of incidence and angle of refraction:
_&ini

A==
sinr

& Figure 12,1 In the Hall of Mirrors at the: fairground the reflection of light
can e very confusing?

Practical: investigate the refractive index of glass,
using a glass block

Describe the role of total internal reflection in
transmitting information along optical fibres and in
prisms

Explain the meaning of critical angle ¢

Know and use the relationship hetween critical angle
and refractive index:

: 1
Sinc=
n

SEEING THE LIGHT

The patient shown in Figure 12.2 has a cataract. The front of one of his eyes
has become so cloudy that he is unable to see. Nowadays it is possible to
remove this damaged part of the eye and replace it with a clear plastic that will
allow light to enter the eye again.

A Fhgure 122 Cataracts mean that light cannet
enter the eye correctly.
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There are many sources of light, including the Sun, the stars, fires, light bulbs
and so on. Objects such as these that emit their own light are called luminous
objects. When the emitted light enters our eyes we see the object. Most
objects, however, are non-luminous. They do not emit light. We see these non-
luminous objects because of the light they reflect.

———,

/

non-lumineus
abject

ehject

A Figure 123 Luminous objects, such as the Sun, give out light, Non-luminous ebjects only reflect
light.

REFLECTION

When a ray of light strikes a plane (flat) mirror, it is reflected so that the angle of
incidence () is equal to the angle of reflection ).

CETE - pan i

The angle of incidence is the angle

Mt e oael fo L i = angla of incidence
normal, r = angle of reflaction
The angle of reflection is the angle
between the reflected ray and the \
nomal. incident ray narmal reflected ray

A Figura 12.4 Light is reflected from a plane mimsr. The angle of incidence is equal to the angle of
reflection. The normal ks a ling at right angles to the mirror.

Mirrors are often used to change the direction of a ray of light. One example of
this is the simple periscope, which uses two mirrors to change the direction of
rays of light.

Rays from the object strike the first mirror at an angle of 45° to the normal. The
rays are reflected at 45 to the normal and so are turned through an angle of
907 by the mirror. At the second mirror the rays are again turmed through 80°,
Changing the direction of rays of light in this way allows an observer to use a
periscope to see over or around objects.

.
phamne mirmor — e i

-Iﬁ“IT
rormal

rcnmal

/ —E}’;“. b
Hﬁl‘.- L e plane mimor

A Figure 12.5 A periscope is used to see over or around objects.
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A medium is a material, such as glass
o water, through which light can travel.
The plural of medium is meadia.

T
o FLE
!

Light does travel more slowly in air than
in & vacuum but the difference is tiny,

LIGHT WAVES

REFRACTION

T —_— -

& Figure 12,6 This rainbow is caused by refraction.

Rays of light can travel through many different transparent media, including

air, water and glass. Light can also travel through a vacuum. In a vacuum

and in air, light travels at a speed of 300000 000 m's. In other media it

travels more slowly. For example, the speed of light in glass is approximately
200 000000 m's. When a ray of light travels from air into glass or water it slows
down as it crosses the border between the two media. This change in speed
may cause the ray to change direction. This change in direction of a ray is
called refraction.

y,

le of incidancea
in:idmj"‘g\
ay ; normal i
angle of s
rafractio A
5 | o lightt is bent towands glass

refractad ray-"'""-, the normal

,

lely il ._'\\ il
' light is bent away
L \\En:lm the nomal

A Figure 12.7 This light ray is being refracted twice — once as it travels from air into glass and then
as it travels from glass fo air,

As a ray enters a glass block, it slows down and is refracted towards the normal.
As the ray leaves the block it speeds up and is refracted away from the normal.

If the ray strikes the boundary between the two madia at 90°, the ray continues
without change of direction (Figure 12.8).

I y
'|I‘ alass

|

A Figure 12.8 If the light hits the boundary at 90° the ray doas not bend,




REFRACTIVE INDEX

Different materials can bend rays of light by different amounts. We describe
this by using a number called the refractive index (n). The refractive

index of glass is about 1.5 and water is 1.3, This tells us that under similar
circumstances glass will refract light more than water.

We can use the equation below to calculate the refractive index of a material:
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= ﬂ!i
snr
where | is the angle of incidence and r is the angle of refraction,

In an experiment similar to the one shown in Figure 12.9, the angle
of incidence was measured as 30° and the angle of refraction as 19°.
Calculate the refractive index of the glass block.

e s_En.-'
sinr
_ sin 30
sin 19
= 0.5
Ray box lamps get hot enough o burn f23
skin and char paper. Glass blocks and =1.59
prisms should be handbed carefully
and not knocked together = they can
splinter or shatter.
mark the path of ACTIVITY 1
the Bght inte and

i ¥ PRACTICAL: INVESTIGATE THE REFRACTIVE INDEX FOR GLASS

You can investigate the refractive index of glass using a ray box and a
rectangular glass block.

1 Shine a ray of light onto one of the sides of the glass block, so that the
ray emerges on the opposite side of the block, Mark the directions of

both of these rays with crosses,
| join the points where 2 Draw around the glass block before removing it.
i the light entered and
! left the glass block, 3 Using the crosses, draw in the direction of both rays.
[ ang draw 8 normal

4 Draw in the direction of the ray that travelled inside the glass block.

5 Draw a normal (a line at 90" to the glass surface) where the ray enters
the block.

i Measure the angles of incidence (i) and refraction () (see Figure 12.9).

T Use the equation n = ﬁ to find the refractive index of the glass
A Figure 12.9 How to Investigate refraction block. L

uzing a ractangudlar glass block
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The symbol 'r* is used for both the
angle of reflection and the angle of
rafraction.

LIGHT WAVES n7

TOTAL INTERNAL REFLECTION

When a ray of light with a small angle of incidence passes from glass into air,
maost of the light is refracted away from the normal but if we look carefully we can
see that there is a small amount that is reflected from the boundary, Total internal
reflection only occurs when rays of light are travelling towards a boundary with a
less optically dense medium {a medium with a lower refractive index).

\“"”‘“"‘ -
Y

i -:E,_,__r-— angle of reflection

air
strong refracted ray
i is smallar than tha critical angle, ¢

A Figure 12,10 A ray of light travelling from glass to air

weak raflected ray

But as the angle of incidence in the glass increases, the angle of refraction also
increases until it reaches a special angle called the critical angle (). The angle
of refraction now is 90°.

The critical angle is the smallest possible angle of incidence at which light rays
are totally internally reflected.

a
| = weak reflected ray
e
refracted my runs
air along the boundary
/ Is equal to the critical angle, ¢

A Figure 12.11a Ray of fight strikes glasafair boundary at the critical angle

b
glass

\\\\_ ' i

~—_

A Figure 12.110 When /s greater than ¢ total internal reflection ocours.

When i is greater than the critical angle, all the light is reflected at the
boundary. No light is refracted. The light is totally internally reflected.
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ACTIVITY 2

¥ PRACTICAL: INVESTIGATE TOTAL INTERNAL REFLECTION

You can investigate total intemal reflection in the laboratory using a semi-
gircular glass block and a ray box. As shown in Figure 12.12a, a ray of
light is directed at the centra of the straight side of the black through the
curved sidae. (We do this because the incident ray will then always hit the
adge of the glass block at 90°, so there are no refraction effects to take
into account as the light goes into the block.)

Ray box lamps get hot enough to burn Mow by carefully increasing and decreasing the angle at which the ray
skin and char paper. Glass blacks and strikes the flat edge of the glass block, we can discover the smallest
prisms TW"’ be handled "1‘:"““5’ angle at which most of the light is refracted along the edge of the glass
mﬁufﬁm = block (see Figure 12.12b). This angle is the critical angle.

& Figure 12,12 a A semi-circular glass block used to demonstrate tofal intemal reflection b Light
siriking the edge of the glass block at the critical angle

For light passing from glass to air, the critical angle is typically 42° and the
critical angle for light passing from water to air is 49°.

The critical angle for a particular medium is related to its refractive index by
this eqguation:

N
mnc-ﬁ

The refractive index for a type of glass is 1.45. Calculate the critical angle.

. 1
SNc=-—=
n

sinc= it
1.45

sinc = 0.63
c=43.6°

We sometimes use prizms rather than mirrors to reflect light. The light is
totally internally reflected by the prism.
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Ray box lamps get hot enough to bum
skin and char paper. Glass blocks and
prisms should be handled carsfully
and not knocked together - they can

splinter or shatter.

ACTIVITY 3
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¥ PRACTICAL: INVESTIGATE TOTAL INTERNAL REFLECTION IN PRISMS

If you shine a ray of light into a prism
as shown in Figure 12.13 it will strike
the far surface at an angle of 45°,
The critical angle for glass is about
42° so the ray will be totally internally
reflected. You will see therefore that
the ray will be reflected through an
angle of 90°.

If you shine a ray into the prism as
shown in Figure 12.14 the ray will be
reflected through an angle of 180° -
that is, it will go back in the direction
from which it came.

ray box

A Figure 12,12 Tuming throwgh 90°
using todal internal reflection

ray hoo

457,

A Figure 12.14 Tuming through 180°
uging total internal reflection

USING TOTAL INTERNAL REFLECTION

THE PRISMATIC PERISCOPE

=
B

The images produced by prisms are often brighter and clearer than those
produced by mirrors. A periscope that uses prisms to reflect the light is called
a prismatic periscope, Light passes through the surface AB of the first prism
at 90° and so does not change direction (it is undeviated). It then strikes the
surface AC of the prism at an angle of 45°. The critical angle for glass is 42°
50 the ray is totally internally reflected and is turmned through 90°. When it
leaves the first prism the light travels to a second prism. The second prism is
positioned so that the ray is again totally internally reflected. The ray emerges
parallel to the direction in which it was originally travelling.

)

A Figure 12.15 Total internal reflection in a prismatic periscopa
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BICYCLE AND CAR REFLECTORS |

A Figure 12.17 Reflectors like these can save
lives.

LIGHT WAVES

after tatal intemal
relection, the bght
travels beck towards
the sourcea (for
axample, car

neadlights)

bicycle reflector
A Figure 12.16 Prisms can also be used as refleciors.

Light entering the prism in Figure 12.16 is totally internally reflected twice. It
emerges from the prism travelling back in the direction from which it originally
came. This arrangerment is used in bicycle or car reflectors.

total intamal
rirflection

A Figure 12.18 Total intemmal reflection mside binoculars & Figure 12.19 Prizmalic hinoculars
Binoculars also make use of total internal reflection within prisms.

Each side of a pair of binoculars contains two prisms to totally internally reflect
the incoming light. Without the prisms, binoculars would have to be very long
to obtain large magnifications and would look like a pair of telescopes.

DPTICAL FIBRES

Cne of the most important applications for total internal reflection is the
optical fibre. This is a very thin piece of fibre composed of two different
types of glass. The centre is made of a glass that has a high refractive index
surrounded by a different type of glass that has a lower refractive index.

auter layer of glass inner core of glass with

Twuth a lower refractive a higher refractive index
ghtin =+

fl“ligl'rtmﬂ

total internal
rafbection

A Figure 12,20 In an optical fibre, light undergoes total intemal reflection,




Figure 12.21 Opfical fibres

z Ars L.
I 1
|

LIGHT WAVES

As the fibres are very narrow, light entering the inner core always strikes the
boundary of the two glasses at an angle that is greater than the critical angle.
Mo light escapes across this boundary. The fibre therefore acts as a ‘light pipe’
providing a path that the light follows even when the fibre is curved.

Large numbers of these fibres fixed together form a bundle. Bundles can carry
sufficient light for images of objects to be seen through them. If the fibres are

tapered (narrower at one end) it is also possible to produce a magnified image.

Figure 12.22 shows oplical fibres in an endoscope. The endoscope is used by
doctors to ses the inside the body - for example, to examine the inside of the
stomach. Endoscopes can also be used by engineers to see hard-to-reach
parts of machinery.

Light travels down one bundle of fibres and shines on the object to be viewed.
Light reflected by the object travels up a second bundle of fibres. An image of
the object is created by the eyepiece.

By using optical fibres to see what they are doing, doctors can carry out
operations through small holes made in the body, rather than through large
cuts. This is called ‘keyhole surgery’. This is less stressful for patients and

usually leads to a more rapid recovery.

121

eya piece refiected Bght abjective

lens fram ohject lens

—

|
protective sheath
light from source  Oplical fibres

light fram Hght source

image aof
cject

Figura 12.22 Optical fibres are used in endoscopes to see inside the bady.

Maodem telecommunications systems use optical fibres rather than copper
wires to transmit messages as less energy is lost. Electrical signals from a
telephone are converted into light energy produced by tiny lasers, which send
pulses {small amounts) of light into the ends of optical fibres. A light-sensitive
detector at the other end changes the pulses back into electrical signals,
which then flow into a telephone receiver (ear piece).
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CHAPTER QUESTIONS Mare questions on refraction ¢an be found at the end of Unit 3 on page 130.

STIEY) ERPRETATION. ¢} 1 Draw aray diagram to show how a ray of light can be turned through 100°
using two plane mirrors. Mark on your diagram a value for the angle of
incidence at each of the mirrors.

A NE 3 INTERPRETATION 2 a Draw a diagram to show the path of a ray of light travelling from air into a
rectangular glass block at an angle of about 45°.

b Show the path of the ray as it emerges from the block.

m CRITICAL THINKING o Explain why the ray changes direction each time it crosses the air/glass
boundary.
INTERPRETATION o Draw a second diagram showing a ray that travels through the block
without its direction changing.
L[N PROBLEM SOLVING 3 3 In an experiment to measure the refractive index of a type of glass, the
angle of refraction was found to be 31° when the angle of incidence was
557,

a Caloulate the refractive index of the glass.
b What would the angle of refraction be for a ray with an angle of incidence

of 4577
o Calculate the critical angle for the glass.
INTERPRETATION 9 4 a Draw a diagram to show how a prism can create a rainbow of colours.
m CRITICAL THIMKING b Explain how these colours are produced by the prism.
A [N E- INTERPRETATION .?) 5 Draw three ray diagrams to show what happens to a ray of light traveliing
in a glass block in the following situations. It hits a face of the block at an
angle:

o less than the critical angle
b equal to the critical angle
c greater than the critical angle.

CRITIGAL THINKING t) 6 @ What is meant by ‘total internal reflection of light” and under what
conditions does it occur?

m INTERPRETATION b Draw a diagram to show how total internal reflection takes place in a
prismatic periscope.

REASOMING ¢ Give one advantage of using prisms in a periscope rather than plane
mirrors.

m INTERPRETATION D d Draw a second diagram to show how a prism could be used to turn a ray

of light through 180°, Give one application of a prism used in this way.

SKILLS  Jiaidlli 7 a Explain why a ray of light entering an optical fibre is unable to escape
through the sides of the fibre. Include a ray diagram in your explanation.

CRITICAL THINKING b Explain how doctors use optical fibres to see inside the body.
c Mame one other use of optical fibres.

£

Toas’
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- Sound waves are longitudinal waves and not

. transverse waves like light. Nevertheless they can be

- reflected and refracted in just the same way. In this

. chapter you will learn about the nature and behaviour
of sound waves, and how we make use of them in our
everyday lives ... and not just when we talk!

' LEARNING OBJECTIVES

Know that sound waves are longitudinal waves which

Understand how an oscilloscope and microphone
can be reflected and refracted A #

can be used to display a sound wave

Practical; investigate the frequency of a sound wave
using an oscilloscope

RIORS . L Understand how the pitch of a sound relates to the
Know that the frequency range for human hearing is frequency of vibration of the source

20-20000 Hz Understand how the loudness of a sound relates to
Practical: investigate the speed of sound in air the amplitude of vibration of the source

Figure 13.2 shows part of the sound system used by a band playing at a
concert. This equipment must produce sounds that are loud enough to be
heard by all the audience and the sound guality must be good enough for the
music to be appreciated. In this chapter we are going to look at how sounds
are made and how they travel as waves,

SOUND WAVES

Sounds are produced by objects that are vibrating. We hear sounds when
these vibrations, travelling as sound waves, reach our ears,

s

o e

]
1
a
]

Pk

¥ Vx|

g
_-Fﬁl i

i .
i | Aﬁt‘-..l!

»

A Figiere 13.2 The sound produced by the
speakers must be loud but also of good

fquality.

A Figure 13.3 The lowdspeaker vibrates and produces sound waves.
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A hinged ‘clapper board’ works best
but it needs exterior handles to prevent
fingers being trapped.

SOUND

EXTENSION WORK

You will not be tested on this mone detailed description of how sounds from a
loudspeaker are heard. As the speaker cone moves to the right, it pushes air
molecules closer together, creating a compression, These particles then push
against neighbouring particles so that the compression appears to be moving to

the right. Bahind the compression as the speaker cona moves to the left is a region
where the particles are spread cut. This region is called a rarefaction. After the cone
has vibrated several times, it has created a series of compressions and rarefactions
travelling away from it. This is a lengitudinal sound wave (see page 98). When the
waves antar the ear, they strike the eardrum and make it vibrate, Thase vibrations are
changed into electrical signals, which are then detected by the brain.

PHYSICS ONLY

MEASURING THE SPEED OF SOUND

ACTIVITY 1

¥ PRACTICAL: INVESTIGATE THE SPEED OF SOUND USING ECHOES

You can measure the speed of sound using two bits of wood
and a stopwatch. Stand some distance away from a friend, start the
stopwatch when you see her bang the two bits of wood together and
stop the stopwatch when you hear the sound, Now using the eqguation
distance, s
B e
you are likely to get will not be very accurate unless you have very good
evesight and very fast reactions.

you can calculate the speed of sound. The answer

You can obtain a more accurate measurement using echoes (sounds that
are reflected off a surface).

1 Both you and your friend should stand at least 50 m away from a large
wall or building.

2 Bang the two pieces of wood together and listen for the echo.

3 Bang the pieces of wood together each time you hear the echo. This
will create a regular rhythm of claps.

4 Ask the friend to time you doing 20 claps. During this time the sound
will have travelled, for example, 50 m = 20 = 2 (to the wall and back
20 times), and you can divide this distance by the time to work out the
speed of the sound.

The speed of sound in air is approximately 340 m/s, although this value does
vary a little with temperature.
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cardboard tubs

& Figure 13.4 Sound waves are reflacted in

the same way that light rays are reflectad.

SOUND

EXAMPLE 1

A girl stands 100 m from a tall building clapping her hands each time
she hears an echo of her clap. It takes 11.7 s for her to hear 20 echoes.
Calculate the speed of sound.
v==2
!
_100m x 2 x 20
11.7s
=342 m/s

END OF PHYSICS ONLY

REFLECTION

Sound waves behave in the same way as any other wave,

When a sound wave strikes a surface it may be reflected. Like light waves,
sound waves are reflected from a surface so that the angle of incidence is
equal to the angle of reflection (see Figure 13.4).

Ships often use echoes to discover the depth of the water beneath them. This
is called echo sounding.

| Sound waves are emitted from the ship and travel to the seabed (sea floor).
2 Some of these waves are reflected from the seabed back up to the ship.

3 Equipment on the ship detects these sound waves.

4 The time it takes the waves to make this journey is measured.

5 Knowing this time, the depth of the sea below the ship can be calculated.

The system of using echoes in this way is called sonar (Sound, Navigation
And Ranging).

gcha sounding

A Figure 13.5 Reflected sound can be used lo lell ships about the depth of the sea beneath them.

REFRACTION OF SOUND

All waves can be refracted, even sound waves! For exampls, if some parts of a
sound wave are travelling through warm air, they will travel more guickly than
those parts travelling through cooler air. As a result the direction of the sound
wave will change, It will be refracted.

Although it is not possible to see sound waves being refracted, we can sometimes
hear their effect, Standing at the edge of a large pond or lake we can sometimes
hear sounds from things on the other side of the water much more clearly than we
would expect, This is due to refraction. Figure 13.6 explains how this happens.

125
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& Figure 13.7 The violin produces notes that
are higher pitched than those from the cello,

' HH H""",H—f © extra sound waves
EITI'-'G e 1o
Wavas
B usual direct path
of wanngs 10 listener

sooce TEG L L HLTHELEFEE LB

& Figure 13.6 Why sometimes sounds traveliing across water are louder than we expect
1 Most of the sound we hear travels to us in a straight line (Path B).
2 But some sound travels upwards (Path A).

2 If the temperature conditions are right, then as the sound waves travel through
the air they are refracted and follow a curved path downwards (Path C).

4 We now raceive two sets of sound wavas.
£ Spthe sound we hear seems louder and clearer,

PHYSICS ONLY

PITCH AND FREQUENCY

Small objects, such as the strings of the viclin in Figure 13.7, vibrate quickly
and produce sound waves with a high frequency. These sounds are heard as
notes with a high pitch,

Larger objects, such as the strings of the cello, vibrate more slowly and
produce waves with a lower frequency. These sounds have a lower pitch.

The frequency of a source is the number of complete vibrations it makes each
sacond. We measure frequency in hertz (Hz). If a source has a frequency of

50 Hz this means that it vibrates 50 times each second and therefore produces
50 waves each second.

ACTIVITY 2

¥ PRACTICAL: INVESTIGATE THE FREQUENCY OF A SOUND
WAVE USING AN 0SCILLOSCOPE

Although we cannot see an actual sound wave, we can see an image or
represantation of it by connecting a microphone to a piece of apparatus
called an oscillescope. When the sound wave from a source such as

a tuning fork or vibrating string enters the microphone, the oscilloscope
‘draws' the longitudinal sound wave as a transverse wave which allows us
to see features such as the wave's amplitude and frequency maore easily.

timea, T (for one complete cycla)

b Figure 13.8 An
ozcilloscope image
of a sound wave
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lew-pitched sound high-pitched sound
A Figure 13.9 Low-pitched sounds and high-pitched sounds seen on an oscilloscops. A low-
pitched sound has & low frequency, meaning fewer complate waves per sécond, $o fawer
comglete waves an seen on the oscilfoscope than for the high-pitched (high frequency) sound.

From the trace drawn on the screen we can measure the time for one
complete vibration or one complete wave. This is called the time period
of the wave (T). We can then find the frequency of the sound {f) using the
equation:

1
f=—
T

EXAMPLE 2

The picture of a sound wave seen on an oscilloscope has a time period of
0.005 s. What is the frequency of the wave?
1

f=—=
T

= 1
0.005 s
=200 Hz

The relationzhip betwean the frequency (f), wavelength (A) and spead of a wave
{v) is described by the equation:

spead, v (m/fs) = frequency, fHz) x wavelength, A (m)

v=FfxA
==

Calculate the wavelength of a sound wave that is produced by a source
vibrating with a frequency of 85 Hz. The speed of sound in air is 340 m/s.

v=fxA
R 340 m/s = 85 Hz x A
X _340mfs
85 Hz
A Figure 13.10 The equation trangle for spead, =4dm

freguency and wavel :
i, The wavelength is 4 m.,

AUDIBLE RANGE

The average person can anly hear sounds that have a frequency higher than
20 Hz but lower than 20000 Hz. This spread of frequencies is called the
audible range or hearing ranga. The size of the audible range varies slightly
from person to person and usually becomes narmower as we get older. You
can demaonstrate this range by using a signal generator and a loudspealker to
produce sounds at different frequencies,



EXTENSION WORK

You will not be tested on ultrazounds and infrasounds but it is interesting to know
what they are.

Some objects vibrate at frequencies greater than 20000 Hz. The sounds they
produce cannot be heard by human beings and are called ulirasounds, Some
objects vibrate so slowly that the sounds they produce cannot be heard by human
beings. Thase are called infrasounds.

A Figure 13.11 Some animals can make and haar sounds thal lie outside the human audible
range. Dolphins can communicate uging ulirasounds. Elephants can communicate using
sounds that have frequencies too low for us to hear (infrasounds),

LOUDNESS

If the drum in Figure 13.12 is hit hard, lots of energy is transferred to it from
the drum stick. The drum skin vibrates up and down with a large amplitude,
creating sound waves with a large amplitude and we hear a loud sound. If
the drum is hit more gently less energy is transferred and sound waves with a
smaller amplitude are produced. We hear these as quieter sounds.

large amplitude small amplituds

& Figure 13.12 H you hit a drum hard, you get a
louder sound than if you beat it gently.

loud sound uiet sound

A Figure 13.13 Loud sounds and quiet sounds on an oscilloscopa

& Figure 13.14 A scientist measuring the sound level &5 a car passes him
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LOOKING AHEAD — SOUND WAVES IN DIFFERENT MATERIALS

Sound waves can travel through:
golids - this is why you can hear someone talking in the naxt room,
even when the door is closed
liquids = this is why whales can communicate with each other when
they are under water
gases — the sound waves we create when we speak travel through
gaseas (in the airl. s
Sound waves cannot travel 5000 =1
through a vacuum because 4000

there are no particles to 000
carry the vibrations. 2000
1000 ﬂ
EERE ‘w;ﬁ;';?
» Figure 13.15 Graph of speeds s j
af sounds (in mis) for diffarant § dﬁe’ * ¥ .,@@
materials -
CHAPTER QUESTIONS More questions on sound and vibrations can be found at the end of Unit 3 on
page 130.
m CRITICAL THINKING 4% 1 2 Nameamusical instrument that is used to produce high-pitched notes.

b Explain why the musical instrument you have named in part & produces
high=-pitched notes,
o Explain how you would produce loud sounds from this musical instrument.

ol Draw the trace you might expect to see on an oscilloscope when this
instrument is producing a loud, high-pitched note.
2 a What is an echo?

I Explain how echoes are used by ships to find the depth of the ccean
beneath them.

A ship hears the echo from a sound wave 4 s after it has been emitted.
If the speed of sound in water is 1500 m/s, calculate the depth of the
water beneath the ship.

3 a What is meant by the phrase ‘a person’s audible range is 20Hz to 20000Hz'?

L TN INTERPRETATION

b (R CRITICAL THINKING

AEASOMING
PROBLEM SOLVING

L W CRITICAL THINKING

tv Explain why the vibrating strings of a violin produce sounds with a higher
frequency than those produced by the strings of a cello.
o Calculate the wavelength of sound waves whose frequency is 68 000 Hz.
Assume that the waves are travelling through air at a speed of 340m/s.

4 a An oscilloscope shows a wave which has a time period of 0.01 5,

What is the frequency of this wave?
b If the speed of this wave is 340 m/s, calculats its wavelength.

m CHITHAAL THINIIB, . ‘D 5 a Sound waves are emitted from a source that is vibrating with a large

INTERPRETATION
amplitude and from a source that is vibirating with a small amplitude. Explain,
using diagrams, the difference between the two sets of sound waves.

m INTERPRETATION D b Draw two diagrams to show how these waves would appear on an

oscilloscope.
END OF PHYSICS ONLY

Bor v oe Sy

SKILLS PFROBLEM SOLVING
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UNIT QUESTIONS

m CRITICAL THINKING .’% n a Which of the following does not move as a transverse wave?
A ultraviolet light
B sound wave
C surface water wave
D microwave
(1)
b Which of these effects describes the change in pitch we hear when a fast
maving motorblke goes past?
A total internal reflection
B refraction
C reflection
D Doppler
(1)
& Which of the following does not make use of total internal reflection?

"hast’

A oscilloscope
B endoscope
C prismatic periscope
D optical fibres
(1)
({Total for Question 1 = 3 marks)
INTERPRETATION The diagram below shows the cross-section of a water wave.

a Copy this diagram and mark on it:

: s" i the wavelength of the wave (A) (1)
ii the amplitude of the wave (A). (1)
m PROBLEM SOLVIMG ..:) b | A water wave travelling at 20 m/s has a wavelength of 2.5 m. Caiculate
the frequency of the wave. (3)
ii Calculate the time period of the above wave. (1)

(Total for Question 2 = 6 marks)

ANALYSIS B The diagram below shows a ray of light travelling down an optical fibre.
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CRITICAL THINKENG

EXECLITIVE

SKILLS _gegemiiitt
m PROBLEM SOLWING

m EXECUTIVE

FUMNCTION

m CRITICAL THINKIMNG

m PROBLEM SOLYING

b

2

UNIT QUESTIONS
a What is A? (1)
b What is B? (1)
e Why is light reflected from the boundary between A and B? (2)
d Describe one medical use for optical fibres. (1)

{Total for Question 3 = 5 marks)

a i Explain the difference between a longitudinal wave and a transverse
wave. (1)

ii Give one example of sach type of wave. {2)

A girl stands 500 m from a tall building and bangs two pieces of wood together.
At the same mament her friend starts a stopwatch. The sound waves created
by the two pieces of wood hit the building and are reflectad. When the two girls
hear the echo they stop the stopwatch and note the time. The girls repeat the
experiment four more times. The results are shown in the table below.

1 2.95

2 3.00

3 2,90

4 3.20

5 285
b Why did the girls repeat the experiment five timas? (1)
e Calculate the speed of sound using the results. &)

d One of the girls thought that their answer might be affected by wind.
Was she correct? Explain your answer. (2)

(Total for Question 4 = 12 marks)

B The electromagnetic spectrum contains the following groups of waves: infrared,

ultraviolet, x-rays, radio waves, microwaves, visible spectrum and gamma rays.
a Put these groups of waves in the order they appear in the electromagnstic

spectrum starting with the group that has the longest wavelangth. (2)
b Write down four properties that all of these waves have in commen. (4)
c Write down one use for each group of waves. (7}
d Which three groups of waves could cause cancer? (3)
& Which three groups of waves can be used to communicate (3)

(Total for Question 5 = 19 marks)

a A ray of light hits the outside surface of a glass block with an angle of
incidence of 38°. ts angle of refraction inside the block is 24°,

i Calculate the refractive index of the glass. (4)
il Calculate the critical angle for this glass. 2

b Calculate the refractive index for a piece of glass whose critical angle
is 42°, 3)

(Total for Question & = 8@ marks)

13
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UNIT 4
ENERGY RESOURCES
AND ENERGY TRANSFER

Energy, energy resources and the transfer of energy! These are all vital to modern life.

The photo shows energy produced from a wind farm. We also obtain energy by burning fossil fuels
like coal and oil, directly from the Sun in the form of heat, from hydroelectric power and nuclear
power, and from many other resources.

We need to understand how to transfer energy from one store to another, to use it efficiently and
to conserve resources that cannot be replaced. We also need to be aware of the advantages and

disadvantages of different energy resources.

Physics is about energy!
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14 ENERGY TRANSFERS

- Whenever anything happens, energy is transferred from one store to another — indeed, without energy things simply can’t

| happen! In this chapter, you will learn that energy can be transferred to many different stores, including sound, light,
movement, heat and potential energy. You will also find out that, although energy is never destrayed, in every energy
transfer some energy is transferred to the surroundings, often as heat.

F
¥
F
F
F
F

| A Figure 14.1 Energy is stored as sound, movement and light, for example.

LEARNING OBJECTIVES

Describe energy transfers involving energy storas: Know and use the relationship between efficiency,

® energy stores: chemical, kinetic, gravitational, useful energy output and total energy output

plastic, thermal, magnetic, electrostatic, nuclear e isotienemE bt
efficiency = = .

m energy transfers: mechanically, electrically, by total energy output
heating; by radiation (light and sound} Describe a variety of everyday and scientific devices

Use the principle of conservation of energy and situations, explaining the transfer of the input
gnergy in terms of the above refationship, including

their representation by Sankey diagrams

100%

For things to happen we need energy! Enargy is used to produce sound. Energy

: ; is used to transport pecple and goods fram place to place, whether it is by
L?;:E?ﬁ:;"ﬁ‘;:&ﬁdmt:ﬁﬂmm train, boat or plane or on the backs a:‘:f animals or even by bicycles, ?nefg'_f
(J) as the unit of energy, metre {m) as is needed to lift objects, make machinery work and run all the electrical and
the unit of length, metre per second electronic equipment we have in our modern world. Energy is needed to make
{ms) as the unit of speed and valocity, light and heat. The demand for energy increases every day because the world's
metra per second squared (m/s?) as the population is increasing. People consume energy in the form of food and need
unit of acceleration, newtan (M) as the energy for the basics of life, like warmth and light. As people become wealthier
unit of force, second (s) as the unit of they demand much more than the basics, so the need for energy grows!
time and watt (W) as the unit of power.

You have used all these units before.
STORES OF ENERGY

Energy is found in many different stores:

B We get our energy from the food we eat. Food provides stored chernical
energy that we can burn to transfer it to other types of energy.

B 'We use the energy from food to generate thermal energy (heat energy) to
help to keep us warm.
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EXTENSION WORK m Our muscles transfer the chemical enargy to movemeant energy (kinetic

Sound energy can be used to break

up small stones that can form insida a
person’s body, without the need for an
operation. Sound energy is also used in
medicing to examine the inside of the
body, as an alternative to x-rays.

ENergy).
B Some of this movement energy is transferrad as we speak to sound energy.

B We need heat for cur homes, schools and workplaces. We also need to
transfer energy to light for our buildings, vehicles and roads.

B Maost of the enargy needed for these purposes is transferred from electrical
energy. We shall see later (see Chapter 17) that electrical energy can be
transferred from other stores of energy, like chemical or nuclear energy.

B Some electrical energy is produced from the gravitational potential energy in
water kept in reservoirs in mountainous areas. We can alsoc use the energy
in the hot core (centre) of the Earth. We see the evidence of this huge
supply of heat in volcanoes and thermal springs.

B Energy from the heat underground is called gecthermal energy.

B Energy can also be stored in springs as elastic potential energy. This typea of
stored energy is used in things like clocks and toys.

The main resource of enargy for the Earth is our Sun. This provides us with
heat, light and other stores of enargy.

ENERGY TRANSFERS

Far energy to be useful, we nead to be able to transfer it from one store into
whichewver store we require. Unfortunately, when we try to do this there is
usually some energy transferred to unwantad stores. We often refer to these
unwanted stores as ‘wasted’ energy because it is not being used for a useful

purpose.
Here are some examples of wasted energy:

B An slectric heater may be used to heat water in a house. The hot water will
be stored in a tank (container) for use when required. Although the tank
may be well insulated, some energy will be transferred from the water and
some will be used to heat up the copper that the tank is made from. Both
processes mean that some of the energy that is transferred from electricity
to heat is wasted because it is not doing what we want it to do - it is not
making the water hot.

B When we fill a car with petrol, the main purpose is to transfer the chemical
energy stored in the fuel to movement energy, with a small amount doing
other things like providing electrical energy for the lights or radio. But the
process of transferring the energy is not perfectly efficient, as not all of the
energy is used to do what we want. (A formal definition of efficiency is given
on page 137.) A considerable amount of the anergy supplied by the fuel is
transferred to heat, most of which is transferred to the surroundings. Some
of the energy is transferred to sound, which can be unpleasant for people
both inside and outside the car. A lot of energy is transferred to overcome
the various friction forces that oppose movement of parts within the car
and the car's movament along the read. Friction causes energy transfers to
ocour oo, usually producing unwanted heat anergy.

Unwanted energy transfers reduce efficiency. This problem is the same whether
the system is a small one, like a car, or a large system, like the nationwide
glectricity generation and distribution industry, We need to be aware of where
our energy is transferring to if we are to find ways of using it well.

T
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__:" E ENERGY TRANSFERS We have many ways of transferring energy from one store to another.

A Figure 14.2 Energy is transferred from one store to anather, and to another, and 50 on.

In Figure 14.2, stored chemical energy in the food is needed to help our
bodies make a range of other chemicals. Some of these - like carbohydrates
- are used to produce heat to maintain our body temperature and energy for
movement through muscle activity. Having eaten a meal, the cyclist in

Figure 14.2 is transferring the chemical energy stored in his body to movement
energy. The movement is initially in the cyclist's legs and is then transferred

to the machine {the bicycle). The cyclist is also transferring additional heat
energy, which is then transferred to the surroundings. Friction in various parts
of the bicycle will also result in energy being transferred from movement to
heat and sound.

The dynamo or generator fitted to the bicycle's wheel transfers some of the
movement energy of the wheel to electrical energy. The lamp then transfers the
electrical energy to light and heat. As the electrons flow in the dynamo-lamp
circuit, heat will be produced in the conducting wires too.

Examples of other energy transfers are given in the questions at the end of the
chapter.

CONSERVATION OF ENERGY

The principle of conservation of enargy is a very important rule. It states that:
Energy is not created or destroyed in any process.
(It is just transferred from one store to another.)

We often hear about the energy crisis: as our demand for more enengy
increases our reserves of energy in the form of fuels like il and gas are
rapidly being used up. The principle of conservation of energy makes it seem
as if there is no real problem - that energy can never run out. We need to
understand what the principle really means.

Physicists believe that the amount of energy in the Universe is constant -
energy can be transferred from one store to another but there is never any
more or any less of it. This means we cannot use energy up. However, if we
consider our little piece of the Universe, the problem becomes more obvious.
As we make energy do useful things - for example, move a car — some of it will
be transferred to heat. Some of this heat energy will be radiated away from the
Earth and transferred (not destroyed or used up) into space. This means the
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energy is not avallable for us to use any more. This is just like a badly insulated
house; if heat energy escapes, it is transferred away from the system we call

Even though the amount of energy

im the Universe is constant, it is
becoming more spread out and so

less available for use. Some scientists
think that all the energy in the Universe
will eventually be transferred to heat
and that everywheare in the Universe
will end up at the same very low
temperatura. This possible ‘end of the
world” is somatimes referred to by the
dramatic name of ‘'heat death’. If the
Universe does end up this way, it is not
expected to do 20 for some time yet,
so carry on working for those exams!

our home, and is no longer available to keep us warm.

SANKEY DIAGRAMS

We use different ways to show how energy is transferred. Energy transfer
diagrarms show the energy input (contribution), the energy transfer process and
the energy output (production). The systerm may be a very simple one with just
one main energy transfer process taking place. An example of a simple system
with its energy transfer diagram is shown in Figure 14.3.

A Figure 14.3 Energy transfer diagram for an arow being fired from a bow

Sankey diagrams are a simpler and clearer way of showing what happens to

an energy input into a system. The energy flow is shown by arrows whose

width is proportional to the amount of energy involved. Wide arrows show
large energy flows, narrow arrows show small energy flows.

Figure 14.4 shows a Sankey diagram for a complex system - the energy flow

for a car. Chemical energy in the form of petrol is the input to the car, The

energy outputs from the car are:

B electrical energy (from the alternator) to drive lights, radio and so on, to
charge the battery (transferred to chemical energy) and allow the car to
switch on

B movement (Kinetic) energy from the car engine

B wasted energy as electrical heating in wiring and lamp filaments, as
frictional heating in various parts of the engine and alternator, and as noise.

enangy for lghts, radio,
recharging battery, 2000 J

enargy wasted as heat
and sound, 0000 J

A& Figure 14.4 Sankey diagram showing the energy flow in a typical car
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if vou calculate the efficiency of a
system and get an answer bigger than
100% then you have put the numbers
into the equation the wrong way round!

Here the 100000 J of chemical enengy input might be shown by an arrow

20 mm wide, so the 60000 J of energy wasted (60% of the input) would then
ba shown by an arrow that is 12 mm wide (60% of 20 mm). It is difficult to
draw the 2% arrow for the energy output to scale,; it is enough to show it as
yery small.

Whenever we are considering energy transfers, we have to remember that

a propertion of the energy input is wasted. Remember that wasted means
transferred into stores other than the useful store required. We would like our
energy transfer systems to be perfect with all the output energy being in the
store that we want. For example, not all the output energy for an electric lamp
is light (the useful energy output), some of the output energy is heat (not useful
when what we want is light).

Real systems always have an unwanted energy output 5o can never have
100% efficiency.

The efficiency of an energy conversion system is defined as:

useful energy output
total energy output

Efficiency does not have a unit because it is a ratio. Sometimes efficiency is
shown as a fraction of the energy output that is in the wanted or useful store.
In real energy transfers this fraction will always be less than 1 because some of
the total cutput energy will be in an unwanted store.

EXAMPLE 1

A B0 W tungsten filament bulby uses 60 J of energy every second. It is 5%
efficient. How much of the total energy output per second is useful light
anergy?

efficiency = = 100%

useful energy output

. " 3
SicnC) total energy output =1e0%
504 = useful energy output « 100%
60 J
5  useful energy output
100 60 J
5x60.J

= 3 J each second.

So useful {light) energy from bulb = 100

CHAPTER QUESTIONS
CREATIVITY ED

More questions on the need for energy can be found at the end of Unit 4 on
page 168.
1 Describe the main energy transfers taking place in the following situations:
a tumning on a torch
b lighting a candle
¢ rubbing your hands to keep them warm
d bouncing on a trampoline.
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NTERPRETATION, 2} 2 Copyand complets the following Sankey diagrams. Remember that the
width of the arrows must be proportional to the amount of energy invalved.
This has been done for you in part a.

a for an electric lamp

b In a typical wash in a washing machine 1.2 MJ is transferred to the kinetic
enargy of the rotating drum, 6 MJ of energy is transferred to heat the
water and 0.8 MJ is wasted as heat transferred to the surroundings and

sound. |
1.2 bJ of kinetic enargy to |

rotate the drum

0.8 MJ of energy wasted
as heat and sound

INTERFRETATION 3 a Draw a Sankey diagram for the following situation. An electric kettle is
used to heat some water, 350 kJ of energy are usad to heat the water,
10 kJ raise the temperature of the kettle and 40 kJ escape to heat the
surroundings.

L B PROBLEM SOLVING {3 b Calculate the efficiency of the kettle.

4 A ball is dropped. It hits the ground with 10 J of kinetic energy and bouncas
with 4 .J of kinetic energy.

i-l) # What happens to 6 J of the energy during the bounce?

b Draw a Sankey diagram for the energy flow that takes place during the
bounce.

Ty

E,
i_“{: 1

b (NG INTERPRETATION
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15 THERMAL ENERGY

'.This chapter is about the ways in which thermal (heat) energy is transferred from a hotter place to a cooler place.

e 1

4 Figure 15,1 The transter of thermal energy from place fo placa can be useful — or example, rsing warm air creates thermals’ that can carry this
glider up to great haights.

LEARNING OBJECTIVES

Describe how thermal energy transfer may take Practical: investigate thermal energy transfer by
place by conduction, convection and radiation conduction, convection and radiation

Explain the role of convection in everyday Explain ways of reducing unwanted energy transfer, such
phenomena as insulation

Explain how emission and absorption of radiation

Thermal or heat energy is energy that is stored in "hot® matter. We shall see
that ‘hot' is a relative term, There is a temperature called absclute zero that is
the lowest possible tempearature. Any matter that is above this temperature has
some thermal energy. The kinetic energy of the minute particles that make up
all matter produces the effect we call heat.

Thermal energy is transferred from a place that is hotter (that is, at a higher
temperature) to one that is colder (at a lower temperature). In this chapter, we
will look at the different ways in which thermal energy is transferred betwean
places that have different temperaturas.

CONDUCTION

Thermal conduction is the transfer of thermal (heat) energy through a
substance by the vibration of the atoms within the substance. The substance
itself does not move.

If you have ever cooked kebabs on a barbecue with metal skewers, as shown
in Figure 15.2, you will have discovered conduction! The metal over the
burming charcoal becomes hot and the heat energy is transferred along the
skewer by conduction. In metals, this takes place quite rapidly and soon the
handle end is almost as hot as the end over the fire, Metals are good thermal
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conductors, If you use skewers with wooden handles you can hold the wooden
ends much more comfortably because wood does not conduct thermal energy
very well. Wood is an example of a good thermal insulator.

The process of energy transfer by conduction is explained in terms of the
behaviour of the tiny particles that make up all matter. In a hot part of a
substance, like the part of the skewer over the hot charcoal, these particles
have more kinetic energy. The more energetic particles transfer some of their
energy to particles near to them. These therefore gain energy and then pass
energy on to particles near to them. The energy transfer goes on throughout
the substance, This process takes place in all materials.

In metals, the process takes place much maore rapidly, because metals have
free electrons that can move easily through the structure of the metal, making
the transfer of energy happen faster,

A Figure 15.2 Metal skawers allow heat to be ACTIVITY 1
tranzferred to parts that are away from the

heat. ¥ PRACTICAL: INVESTIGATE HOW WELL DIFFERENT METALS
CONDUCT HEAT

A drawing pins stuck to the metal rods
] with petrobewm jelly M
The metal rods will quickly get hot 5 Mo

enough to bum the skin and will remain ‘//’7

hot long after the heat is removed.

COpDEr - TF steel
rod t ' rod
HEAT heat shislds
EXTENSION WORK £ Y
‘Frea electrons’ are electrons that are .
ot connected with any particular atom & Figure 15.3 Experiment 1o show thermal conduction in differant malals
:"SEI 5::‘::";?] “iﬁ;m"ﬁ'{::'als Figure 15.3 demonstrates how heat is transferred along the metal rods from
¥ g the heated ends towards the cooler ends away from the heat source. As

electrons per unit volume. Copper, for

the heat passes along the rods the petroleum jelly holding the drawing pins
ﬁmiuh;iz ﬁﬂl 1§ tﬁ&eﬁms in place melts and they drop off in sequence. This experiment also shows
glectrons carry electric charge as well that copper conducts heat better than steel because the drawing pins
as energy, it is no coincidence that attached to the copper rod drop off sooner than those attached to the steel
good thermal conductors are usually rad. The rods should be the same diameter and the drawing pins placed at
good conductars of alectricity too, the same distances from the heat source for this to be a fair test.
CONVECTION

Convection is the transfer of heat through fluids (liquids and gases) by the
upward movement of warmer, less dense regions of fluid,

You may have seen a demonstration of convection currents in water, like the
one shown in Figure 15.4. The water is heated just under the purple crystal and
the crystal colours the water as it dissolves, which lets you see the movement
in the water. The heated water expands and bacomes less dense than the
colder surraunding water, so it floats up to the top of the glass beaker. Colder
water sinks to take its place, and is then heated too. At the top, the warm
water starts to cool, becomes more dense again and will begin to sink, so a
circulating current is set up in the watear, This is called a convection currant,
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Avaid skin contact with the crystals
and their solution,

EXTENSION WORK

Substances tend to expand whan
heated because the particles of which
they are made have more Kinetic
energy. As they mowve around more, the
average distance between the particles
increases,

ACTIVITY 2

141

¥ PRACTICAL: INVESTIGATE CONVECTION CURRENTS IN WATER

A Figure 15.4 Demonstration of convection currents, using a potassium manganate (W)

crystal in water

A Figure 15.5 Here, air warmed by the candle floats up the chimney on the right and colder
#lr is drawn down the chimney on the left. Smoke from the buming candie shaws up the

circadation of the air.
/vant
heating
___‘r,,..-#"'ﬂmmnbs
cold air drawn in
at the bottom ‘H‘k-‘“""—-.\lﬂnl

A Figure 15.6 A convector heater relies on the effects of convection.
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Convection occurs in any fluid substance — that is, in things that can flow,
such as liquids and gases. Convector heaters (Figure 15.6) heat air, which then
floats out of the top of the heater to the top of the room. Cold air is drawn in

at the bottorm and thizs in turn is heated. In this way, heat energy is aventually
transferred to all parts of the room.

in many cooking ovens, the heating element is placed at the bottom of the
oven. It heats the air near to it, and this air rises by convection. The top of the
oven is generally warmer than the bottom, so you can cook foods at different
temperatures. However many modern ovens are fan ovens, where hot air is
blown into the oven and provides an aven temperature throughout the oven.

Air and water both allow heat transfer to take place by convection as they ara
both fluids, but neither are good thermal conductors (they are insulators). This
insulating property of both water and air is put to good use in situations where
they are not able to circulate easily. For example, woollen clothing keeps you
warm because air gets trapped in the fibres. The trapped air is heated by your
body and forms a warm insulating layer that helps to stop you losing heat. In
the same way, a wetsuit keeps a diver warm because a thin layer of water is
trapped next to the diver's skin. (Figure 15.7)

Convection currents are responsible for many everyday events. One example
A Figure 15.7 A diver wearing a wetsuit to keep s on-shore and off-shore breezes, also known as sea breezes and land
wiarm in cold water breezes. These are explained in Figure 15.8.

an-shorg breazs

In the day tha land heats up |

Al night the land cools down
mone guickly than the sea

g cuaickly than the sea,

A Flgure 15.8 At night the air ower the warmer sea floats up causing cooler air to flow towands sea.
During the day the situation is reversed, In Unit 5 you will |aam that some things heat up and cool
down more easily than others,

Another example is convection currents within the very tall ‘thunder” clouds
that are responsible for the build-up of charge at the cloud base resulting in
lightning strikes.

RADIATION

Thermal radiation is the transfer of energy by infrared (IR) waves.

Remember that we are talking about
heat transfer - this is thermal radiation

not nuciear radiationt A Figure 15.9 Heal is translerred from a heater by rediation,
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Tha reflector in an electric fire iz a epecial shape, called a parabola. You can see
parabalic reflectars in torches and radio telescopes, for examgple.

When you turn on a bathroom heater, as shown in Figure 15.9, you will fieel

the effect almost instantly. Neither conduction nor convection can explain how
heat is getting from the hot part to your hands. Conduction does not occur that
rapidly, even in good thermal conductors, and air is a poor thermal conductor.
Convection results in heated air floating upwards on colder, denser air.

There are two things you should notice about this example.
1 The heat that you feel so quickly is travelling from the heater in a straight line.

2 The design of the bathroom heater includes a specially shaped, very shiny
reflector, similar to the reflector behind a fluorescent light or in a torch.

In this example, heat is travelling in the form of waves, like visible light.

Heat waves are called infrared (IR) waves or IR radiation. The army and the
emergency services use special cameras, called thermal imaging cameras,
that can detect objects giving out IR waves, These cameras show images of
people because of the heat radiation from their bodies, even when there is not
enough visible light to actually see them. Thermal imaging is also an important
tool in the diagnosis of certain illnesses. (Figure 15.10)

A Figure 15.10 This is a thermal image of 3 patient showing areas of different temperatures.

IR waves are part of the same family of waves as light, radio waves, ultraviolet
and so on, called the electromagnetic (EM) spectrum (see page 106). IR waves,
therefore, have the same properties as all the other waves in the EM spectrum.
In particular, IR can travel through a vacuum and does so at the speed of light
(3 = 108 m/=).

It is important that heat can travel in this way, without the need for matter,
otherwise we would not receive heat, as well as light, from the Sun.

IR waves can also be reflected and absorbed by different materials, just like
visible light. Highly polished, shiny surfaces are good reflectors of thermal
radiation. White surfaces also reflect a lot of IR. Matt (not shiny) black and dark
surfaces are poor reflectors or, to put it more positively, are good absorbers of
heat radiation. Figure 15.12 shows how this can be useful in everyday life.
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ACTIVITY 3

¥ PRACTICAL: INVESTIGATE HOW WELL DIFFERENT
SURFACES RADIATE HEAT

This experiment shows that matt black surfaces radiate heat better than
shiny white surfaces.

thermomeliers

filament bulb half
paintad matt black
and half painted

shiny white

A

The buly will quickly get hot enough to
bum skin and ignite paper.

A Figure 15.11 Demonstrating thal matt black surfaces radiate heat better than shiny white
suriaces

Figure 15.11 shows the experiment. Put two identical (same type)

thermometers on either side of a filament bulb that has been painted matt

black on one side and shiny white on the other.

When you turn on the bulb you will notice that the temperature starts to rise

more quickly on the thermometer facing the black side than on the other.

It is important that the thermometers are fixed at the same height and

distance from the filament bulb.

& Figure 15.12 Shiny and white surfaces reflect thermal radiation, while matt black surfaces, like in
the solar heating panals, absory (L
a

A Figure 15.13 a A shiny kettle stays warmer longer. b The heat sink needs to be matt black (o lose
heat o the surroundings quickly, and so stop the fransistor everheating.
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& Figure 15.14 A ungsten filament bulb

If a surface is a good reflector of IR then it is a poor radiator of IR. This means
that a hot abject with a shiny surface will emit less heat energy in the form of
IR than another object at the same temperature with a matt black surface. The
kettle in Figure 15.13a has a shiny surface to reduce the rate of heat loss. Heat
sinks are used in electronic equipment to stop parts getting too hot, A heat
sink is shown in Figure 15.13b. The transistor is fixed to the black metal heat
sink and heat is transferred from the transistor to the heat sink by conduction.
The matt black surface radiates heat well and the shape of the heat sink helps
conwvection air currents to transfer heat away from the heat sink.

The amount and type of the anergy radiated by a hot object does not only
depend on its surface texture (how it feels to the touch) and colour — it also
depends on how hot it is. Mot only does the amount of energy radiated per
second increase significantly with temperature but the nature of the EM waves
also changes. At a low temperature most of the radiated energy is in the form
of infrared waves (invisible to the human eye). As the temperature of a metal
object increases it starts to radiate in the visible spectrum as well. Things

that do not burn will start to glow a dull red. As the temperature rises further
the colour changes through the visible spectrum, for example, the tungsten
filameant glows whita hot when it reaches ~3000°C.

You will meet this effect again in Unit 8 Astrophysics,

We pay for the energy we use in our homes, schools and places of work.
Heating is the main use of energy in our homes and - since most domestic
heating systems work by burning fuels like coal, oil and gas - it is the main
producer of carbon dioxide. (Even if electric heaters are used, most electrical
energy is produced by buming fuels in power stations.) Carbon dioxide is

a greenhouse gas and contributes to global warming. It is, therefore, very
important that houses are energy efficient.

Energy efficiency means using as much as possible of the energy we produce
for the desired purpose. So when we tum on the central heating, we want to
keep the insides of our homes warm and not allow the heat to escape. If no
heat can escape from a house then we will only need to heat it until it reaches
the desired temperatura,

The key to energy-efficient housing is insulation. Housas must be designed
to reduce the rate at which energy is transferred between the inside and the

oLtside,

The greenhouse effect

Infrared waves from the Sun can pass through ordinary greenhouse glass. The IR
waves heat up the ground, which re-radiates the heat. However, the re-radiated heat
I3 in the form of IR waves with much longer wavelengths, The longer wavelength

IR waves cannol pass through glass, 2o they are trapped inside the greenhouse.
Carbon dioxide in our atmosphara acts in the same way as the glass in a
greenhouse, It traps the Sun's heal.

EXTENSION WORK EL T AR w5 S i R D R R e 7 |

In conler climates it is more appropriate
to concentrate on keeping heat in,
rather than thinking about how to keep
it out,

It is worth remembering that, in some countrias, the problerm is not keeping warm
but keeping cool. Keeping cocl also requires enangy 1o run air-condilioning units,
fans and other cooling devices. An energy-efficient house in a hot climate would stay
cool by reducing the rate at which heat entered the house.

145
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HOW HEAT IS LOST To insulate a house sffectively we must ook at all the ways in which heat

energy can escape. Conduction is the main way heat is transferred between
the inside of a building and the outside. Next we need to consider the places
whera conduction ocours: the walls, the windows {and doors) and the roof.

glass fibre insulating
wiodl B85 used 19 Stop
comiection currents in
the air gap transferring
heat enargy

cavity or alr

iru'rarl:rrir:k quick-setling foam
well made of can be injected into
thermal Bricks the cavity fo achisve
the same effect
& Figure 15.15 Two-layered wall construction, with the gap filled with insulation panals, helps to
reduce heat loss by conduction, convection and even radiation,

Heat loss by conduction through the walls can be reduced by using building
materials that are good insulators. However, the materials used for building
must also have other suitable properties like strength, durability and availability
at a sensible price. For walls, bricks are a common building material.

Figure 15.15 shows the typical construction of a modern house in the UK built
to follow the current energy efficiency regulations.

As you can see, the wall is made with layers of different materials. The outer
layer is made with bricks - these have quite good insulating properties, are
strong and will survive bad weather conditions. The inner layer is built with
thermal bricks with very good insulation properties - they are also light,
relatively cheap and quick to work with. The two layers of brick are separated
by an excellent thermal insulator in the form of an air cavity or gap.

The walls also stop heat being lost by convection. The cavity or gap between
the two walls is wide enough for convection currents to circulate. This means
heat is circulated from the warmer surface of one wall to the colder surface
of the other. To stop convection currents, the gap in modemn houses is filled
with insulating panels made of glass fibre matting. This is a lightweight,

poor conductor that traps lots of air. The panels are usually surfaced with
thin aluminium foil. This highly reflective surface reflects heat in the form of
infrared radiation.

mmaﬁmlhﬂglm
spacer filed with a deslccant

{drying) material to keap the
gas batween the glass panes dry

.‘-'-'""—-._______-_‘ rﬂ“' -pressurs gas

alr-tight s=al
A Figure 15.16 Double glazing helps to stop heat escaping from the home.
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& Figure 15.17 Loft insulation makes a big
difference to heat loss through the roof.

Figure 15.16 shows a cross-section of a typical double-glazed window, as
used in modern houses. Glass is a poor thermal conductor but is used in thin
layers. To improve the insulating properties, two layers of glass are used to
trap a layer of air. The thickness of this layer is important. If it is too thin then
the insulation effect is reduced, but if it is too thick then convection currents
will be able to circulate and carry heat from the hotter surface to the colder
one. In very cold countries triple glazing is used. Modem double glazing uses
special glass to increase the greenhouse effect (heat radiation from the Sun
can get in but radiation from inside the house is mainly reflected back again).

Roof insulation in modern houses uses similar panels to those used in

the wall cavities, trapping a thick layer of air. This takes advantage of the
poor conducting property of air, whilst also preventing convection currents
circulating. Again, reflective foil is used to reduce radiation heat loss, Figure
13.17 shows houses built before loft insulation was a compulsory building
regulation. In some, the owners have installed loft insulation - you should be
able to identify which!

There are other things that can be done to improve the energy efficiency of
houses that do not relate directly to the mechanisms of heat transfer discussed
in this chapter. For example, thermostats and computer control systems

for central heating can further reduce the heating needs of a house. They

stop rooms being heated too much by switching off the heat when a certain
temperature is reached. Another important energy-saving measure is the
reduction or elimination of draughts (air currents) from poorly fitting doors and
windows,

With your understanding of how heat travels you can save your family money,
keep warm and reduce global warming.

door
draughts fisor

A Figure 15.18 @ How heat energy can be bost from the home; b Percentage of energy lost in
different ways

INSULATING PEOPLE AND ANIMALS

Earlier in this chapter we saw a picture of a fire fighter in protective clothing
designed to reduce the amount of heat getting to their bodies (Figure 15.12).
Sometimes we have the opposite problem and want to keep warm. The
obvious method of cutting down heat loss from the body is to wear clothes.
Clothes that trap air around the body provide insulation because trapped air
cannot circulate and is a very poor conductor. A large proportion of body heat
is lost from the head, so hats are the human equivalent of loft insulation.

147
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& Figure 15.19 Penguing stand close together
fior wearmih.

CHAPTER QUESTIONS

CREATIVITY,
REASOMING

| skiLLs JEEEUT

Wind can cause rapid heat loss from the body. It does this by forced
convection - that is, making air circulate close to the body surface. It may
also cause sweat to evaporate from the skin more guickly, causing rapid
cooling. (The purpose of sweat is to help the body to lose heat by evaporation,
but, if it happens because of strong wind on a cold day, the effect can be life
threatening.) These cooling effects of wind contribute to what is called the
wind-chill factor. To reduce the wind-chill effect, a piece of wind-proof outer
clathing should be worn.

When people do lose body heat at too great a rate they may become
hypothermic, which means their body temperature starts to fall. If the heat
loss is not significantly reduced the condition is potentially fatal. When people
are rescued from mountaing suffering from the effects of cold they are usually
wrapped in thin, highly reflective blankets. The interior reflective surface
reflects heat back to their bodies while the outer reflective surface is a poor
radiator of heat. Marathon runners are often covered in these blankets at the
end of the race to keep them warm when their energy reserves are low.

Animals keep warm in different ways. You may have noticed birds fluffing

up their feathers on cold days in winter. This increases the thickness of the
trapped air layer around their bodies, so reducing heat loss by conduction,
Some birds, like penguing, will move close together for warrmth (Figure 15.18).
Other animals will curl into small balls. This cuts down heat loss by making the
surface area of their bodies exposed to the cold as small as possible,

2

More questions on thermal energy can be found at the end of Unit 4 on page
168.

1 Explain the following observations, referring to the appropriate process of
heat transfer in each case.

a Two cups of tea are poured at the same time. They are left for tan minutes.
One of the cups has a metal teaspoon left in it. The tea in this cup is cooler
than the tea in the other cup at the end of the ten-minute period.

b Two frash cups of tea are poured. (The others had gone cold!) A thin
plastic lid iz placed on top of one of the cups. The tea in this cup keeps
hot for longer.

2 a Kettles heated on stoves used to be made of copper. Was this a good
choice?

b Copper kettles were usually kept highly polished (shiny). If it is not
polished, copper tums matt and eventually blackens as it reacts with
oxygen in the air. Apart from making the kettle look nice, what is a good
physics reason for keeping a copper kettle polished?

3 The diagrams below show a physics demonstration about thermal conduction,

wiaod

Pl

brass

scorchad

1 2 heat 3

A cylinder is made from a piece of brass fitted to a piece of wood. A piece
of paper is glued around the middle. The paper is then heated over a
Bunsen burner flame. After a while one end of the paper is noticeably more
burnt than the other. Explain why this happans.

T
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4 There are two bench seats in a park, one made of metal, the other made
of wood. The metal saat feels much colder to sit on than the wooden one.
A student says that it is because the metal seat is at a lower temperature
than the wooden one. Explain why this explanation is incorrect, and give a
correct explanation of why the metal seat seems colder than the wooden
anea.

5 a Why is the heating element (part) in an electric kettle positioned very
close to the bottom of the kettle?

b Where would you expect the cooling element to be placed in a freezer?
Give a reascn for your answer.

6 One model of a well-known brand of computer does not use a fan to keep
the electronic circuits inside it cool, unlike other PCs. A student noticed
that the ventilation (air) slots on most other PCs are positioned on the side,
but the slots are on the top and bottom surfaces of this computer. The
designer has applied physics to the problem of keeping the computer cool.
Explain why the new computer does not nead a fan.

T The diagram below shows how Roman mines used to be ventilated.

/ﬂmﬂ

L

The mine system had a shaft with a fire lit at the bottom. Explain how this
kept the air in the mine system fresh.

& a Describe an experiment to show that matt black surfaces absorb thermal

radiation better than shiny metallic surfaces. Your description should
include details of the apparatus; you may use a clearly labelled sketch
diagram in your answer,

b State what measurements you would take.

c Explain how you would make sure your investigation is fair.

d How would your results show that the idea that a matt black surface
absorbs thermal radiation better than a shiny metallic surface is correct?
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16 WORK AND POWER

Work is caiculated by multiplying the force applied by the distance through which the
force moves — the bigger the force, or the longer the distance through which it moves,
the more work is done. Work always involves an energy transfer. Power is the rate

at which energy is transferred, and efficiency is a measure of how much of the input
energy to a system is converted to useful output energy. In this chapter you will learn
how to calculate the work dane in a system and its power as energy is transterred.

B Figure 16.1 James Joule (1818-1889) was the son of a wealthy Manchester
brenwer. He was tutored by James Dalton and carmied oot scientific research
in his own Iaboratory, buill in fhe basemeant of his father's home,

LEARNING OBJECTIVES

Know and use the relationship between work done, force Understand how conservation of energy produces a
and distance moved in the direction of the force: link between gravitational potential energy, kinetic
energy and work

Describe power as the rate of transfer of energy or
the rate of doing work

waork done = force x distance moved
W=F=d

w that work done is equal to energy transfen : .
SN ' o 50 Use the relationship between power, work done

Know and use the relationship between gravitational (energy transferred) and time taken:

potential energy, mass, gravitational field strength and work done

A JOWEr =
height: : time taken

gravitational potential energy =
mass = gravitational field strength = height

GPE=mx= gx h

Know and use the relationship:

kinetic energy = ;_ ¥ Mass = speed squared

Hfz;,xm;-c [

The unit of energy is named after James Joule. It was Joule who realised that
haeat was a store of energy. He showed that kinetic energy could be transferred
to heat. At that time heat was measured in calories,

ENERGY AND WORK

Energy is the ability to do work.

This statement tells us what energy does rather than what energy is. We
know that energy is found in a wide variety of different stores but we are really
interested in what energy can do - the answer is that energy does work.

We need to define work in a way that is measurable. Some types of work are
not easy to calculate the value of. Mechanical work, like lifting heavy objects,
is easy to measure: if you lift a heavier object, you do more werk; if you lift an
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object through a greater distance, again, you do more work. The definition of
wark in physics is;

work done, W (joules) = force, F (newtons) x distance moved, d (metras)

Ws=Fxd
If the force is measured in newtons and the distance through which the force is
applied is measured in metres then the work done will be in joules.
Work done is equal to the amount of energy transferred.

1 J of work done is transferred when a force of 1 N is applied through a
distance of 1 m in the direction of the force.

EXAMPLE 1

Figure 16.2 shows a
weightlifter raising an object
that weighs 500 N through a
distance of 2 m. To calculate
the work done we use:

W=Fxd
=500N = 2m
= 1000 J

weight S00M
& Flgure 16.2 Doing work by lifting a weight

This work dong on the weight has increased its energy. This is explained in
the section on gravitational potential energy (page 152).

car travelling at 30 m/s

g
400 N fonce on car driving it forward

-
400 M force oppesing mation
due to air resistance ang frction

A Figure 16,3 A car iravelling at a constant speed doing work

In the example shown in Figure 16.3 the force acting on the car is not
accelerating it — instead, it is being used to balance the forces opposing
its movement. The resultant force on the car is zero, so it keeps moving
in & straight line at constant speed. To work out the work done on the car
in one second we substitute the force required, 400 N, and the distance
through which it acts in one second, 30 m, in the equation:

W=Fxd

=400 M = 30m
=12000Jor 12 kJ

51
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GRAVITATIONAL POTENTIAL ENERGY (GPE)

The gravitational potential energy of an object that has been raised to a height,
h, above the ground is given by:

gravitational potential energy, GFE (joules) = mass of object, m (kilograms)
x gravitational field strength, g (newtons per kilogram) = height, h (metres)
GPE=m=xgxh

The change in the GPE of an object will be an increase if we apply a force
on it in the opposite direction to the pull of gravity - that is, if we lift it off the
ground. When an object falls it loses GPE. To keep things simple, we usually
assume that an object has no GPE before we do work on it

in the weight-lifting example given on page 151, the weightlifter has used
some chemical energy to do the work. We know that energy is conserved

so what has happenad to the chemical energy that the weightlifter used?
Some has been transferred to heat in the weightlifter’s body. The remainder
has been transfemed to the weight because he has increased its height in the
gravitational field of the Earth. The energy that the weight has gained is called
gravitational potential energy or GPE.

work done = £« o farce = mg
=.|1‘.1ng

0, liing the ohjact through

a distance of hm involves

deing mgh J of work
force requined
1o |ift object
=g M distance = hm

A Figure 16.4 The work done to lift an object is equal to the GPE the object has at its new height.

a
hefd above the
ground
GPE maximum
KE zaro b
. raleased
GPE decreasing o
KE increasing abaut 18 Rt d
l. the ground on hitting the
GFE zero ground all the
to hieat, sound
and deforming
the object and
the ground

A Figure 16.5 When a raised object falls, its gravitational potential energy is transferred first to
kinetic energy and then to heat and sound,
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(EY POIN RN
Kinetic energy (KE) Is the enargy stored
by moving objects,

A Figure 16,6 Meleors burm up on entering our

atrnozphere = we sea them &5 “shooting stars’
EXTENSION WORK

The metearite that caused the Arizona
crater is thought to have hit the Earth
travelling at 11 000 m/s and to have
had a mass of 108 kilograms, It hit the
ground with an energy equivalent to

a 15 megaton hydrogen bomb, 1000
times greater than the atomic bomb
dropped on Hirashima at the end of the
Second World War.

In Figure 16.5, wa can see the GPE stored by the weight is being transferred
to other stores as the weight falls. The weight accelerates because of the force
of gravity acting on it, so it gains kinetic energy. When it reaches the ground all
the initial GPE is transferred to kinetic energy. When it hits the ground all the
movement energy is then transferred to other stores, mainly heat and sound.

Gravitational field strength is the force acting per kilogram on a mass ina
gravitational field. The gravitational field strength, g, on the surface of the Earth is
approximately 10 Mg, Since the weight of an object is my, increase in GPEis a
special version of the equation W=F = d, with F=mg and d = h.

KINETIC ENERGY, KE

The kinetic energy of a moving object is calculated using the equation:

kinetic energy, KE (joules) = mass, m (kilograms) = speed squared, v*
(metres squared per seconds squared)

KE = %mw?

In Chapter 1 we saw the equation of uniformly accelerated moftion;

v =R 4 Pag
This equation allows us 1o work out the final velocity, v, of an object that has a
uniform acceleration, a, and that has accelerated through a distance, s, starting with
an initial velocity of w.
If wier drop an object from rest its initial velocity, v = 0, its acceleration is g m/s? and
the distance that it falls is usually representad by h, so the equation becomes

vl = 2gh
Multiplying both sides of the equation by m, the mass of the object, gives:

mvi = 2mgh which can be rearranged as %muﬂ = mgh
showing that the gain in KE of the object is equal to its loas of GPE,

We see that the amount of kinetic energy possessed by a moving object
depends on its speed and its mass. As the Earth travels through space,
orbiting the Sun, it runs the risk of colliding with chunks of matter that are
drawn into the gravitational field of the Solar System. In fact, this is very
common. If you have ever seen a shooting star — or, to give it its proper name,
a meteor - you have saen the line of light produced as a small piece of space
debris (waste) burns up on entering our atmosphere. This is an example of
kinetic energy baing transferred to heat and light by the friction produced
between the air and the object passing through it.

L Figure 16.7 This crater was created when & metearite collided with Earth in Arizon.
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Calculate the kinetic energy carried by a meteorite of mass 500 kg (less
than that of an average-sized car) hitting the Earth at a speed of 1000 m/s.

KE = zmv?
=%x5mkgx{1ﬂﬂl:lmfa}*
= 250000000 J {or 250 MJ)

CALCULATIONS USING WORK, GPE AND KE

fonce = mg M

-
increaszing KE
decreasing PE
distanca fim
at the point of hitting
the ground all the GPE
= now trensfemed to KE
as the speed is at iis greatest
v .
a b at rest c accelerating d
downwards

GPE

object
€ geopped . uu "

tima

A Figure 16.8 GPE and KE of a falling object: a doing work to lift an object; b all GPE;
¢ GPE transferring to KE during fall; d all KE at end of fall; & graph showing relationship between
GPE and KE as the object falls

Work transfers energy to an object: W = Fd. An object of mass, m, weighs

{m x g) newtons so the force, F, needed to lift it is mg (Figure 16.8). If we raise
the object through a distance h, the work done on the object is mg x h. This is
also the gain in GPE.

When the object is released, it falls - it loses GPE, but gains speed and so
gains KE. At the end of the fall, all the initial GPE of the stationary (not moving)
object has been transferred to the KE of the moving object. The graphs in
Figure 16.8 show how the GPE of the object is changing into KE as it falls. The
sum of the two graphs is always the same. Energy is conserved, so the loss of
GPE is equal to the gain in KE.
i f s in in KE ject i
work done lifting object = gain in GPE = gzlfora hitﬁﬁ;t::e‘;?'juﬁ é"mt
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L Figure 16.10 a James Watl (1736-1819)
was a Scoltish engeneer who improved the
performance of the steam engine and can be
sald to have started the Industrial Revolution -
the heginning of the machine age. b A model
of a steam engine that transiers the haat
energy of steam to movemenl. Wall's enginas
Wang USed 1o pump walar out of mones.

A Figure 16.9 A rollercoaster ride

In a rollercoaster ride the truck falls through a height of 17 m. Calculate the
truck’s speed at the bottom of this fall. (Take g = 10 N/kg)

If we assume that all the GPE of the truck at the top of the ride is
transferred to KE at the bottom we can use the equation:

GFPE = KE

mgh = Zmy®
The mass, m, of the truck appears on both sides of the equation, so it
cancels out:

gh=1v2
Substituting h =17 m and g = 10 N/kg:
17 m x 10 N/kg = 2v?
vi=2 % 17 m= 10 Nikg
;-=.r-'{2 x 17 m = 1UN-"|1,Q}
= 18.44 m/'s (about 66 kph)

Some of the GPE the truck had at the start will be transferred to heat and
sound, so the speed at the bottom of the fall will be a little slower than this,

Power is the rate of transfer of energy or the rate of doing work.

James Watt (Figure 16.10a) is remembered as the inventor of the steam engine
and is said to have been inspired by watching the lid on a kettle being forced
up by the pressure of the steam forming inside. Neither story is accurate,

but what is true is that Watt, working in partnership with Matthew Boultan,
developed improvements to the steam engine that made it a commercial
product and completely changed industry and transport.

The Sl unit of power is named in honour of James Watt, The watt (W) is the
rate of transfer or convarsion of energy of one joule per second (1 J/s).

work done, W (joules)
time taken, t {(seconds)

power, P (watts) =

P=—
t
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ACTIVITY 1

¥ PRACTICAL: INVESTIGATE YOUR POWER OUTPUT

You may have done a simple experiment invelving running upstairs to measure your output power. You do work

as you raise your GPE, and to find your power output in watts you divide the work done by the time taken. The

experiment is shown in Figure 16.11. Notice that calculating the work you do against gravity using force x distance
| works just as well as using the equation for GPE (mass x gravitational field strength = height).

1 First weigh yourseH.
W newtons

4 Tirme how long it takes 1o climb the staims.
t seconds

2 Measure the height of one step.
o meatras

total height =
nxd 50,
rratres
3 Count the number of ateps. mwurn%"'mwaﬂ
n
¥ Figure 16.11
An experiment
newton scales

o measure youwr ¥
output power If you don't have SCales measuning in newtons, simply multiply your mass in kg By 10 to convert 1o newlons.

Wear suitable footwear and only allow
one person at a fime on the staircase,
Ensure the stairs are dry, in good
condition and free of any obstacles.

—

A more convenient way of raising your GPE and getting to a higher floor in a
building is to take a lift. The lift will transfer its energy input, usually electrical,
to kinetic energy and then, if you are going up, to GPE. As usual, unwanted
energy transfers are inevitable — sound and heat will be produced. If we know
the weight of the lift and its contents and the height through which it moves,
wie can calculate the work done in the usual way. If we measure the time that
the lift journey takes we can then calculate the power output of the [ift motor.
{Strictly this will be the useful power cutput - it will not take account of the
wasted power due to unwanted energy transfers.)

EXAMPLE &

If a lift and passengers have a combined waight of F
4000 N and the lift moves upwards with an average
speed of 3 m/s then what is the useful power output
of the lift motor?

i 4000M amfs
To keep the lift moving upwards at a steady speed, e
the lift motor must provide an upward force to passengers
balance the weight of the lift, This is 4000 M. weight
In each second, this force is applied through a 4000M
vertical distance of 3 m, so; A Figure 16.12

work done per second = 4000 M = 3 m/'s
=12000 J's
= 12000 W
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CHAPTER QUESTIONS

m CRITICAL THINKIMG

m PROBLEM SOLVING

m CRITICAL THINKING
m PROBLEM S0LVING

m GRITICAL THINEIG
m PROBLEM SOLVING

a

More questions on work, power and efficiency can be found at the end of
Linit 4 on page 168.

In the questions below, where necessary, take the strength of the Earth’s
gravity to be 10 N/kg.

1

[

James Joule showed that heat is a store of energy. He did this by showing

that heat can be produced by using mechanical enargy.

a (Give an example of a process in which kinetic energy is transferred to heat.

b Describe how heat energy can be transferred to either kinetic energy or
gravitational potential enargy.

a State the S1 unit of work.

b Define the unit of work,

¢ How much work is done in each of the following situations?
i A bag of six apples each weighing 1 N Is lifted through 80 cm.
il A rocket with a thrust of 100 KM travels to a height of 200 m.
il A weightlifter raises a mass of 60 kg through a height of 2.8 m.
iv A lift of mass 200 kg lifts three people of mass 50 kg each through a
distance of 45 m.

Water from a hydroelectric power station resarvair is taken from a reservoir
(artificial lake) at a height of 800 m above sea level to turbines (engines) in
the power station itsalf. The power station is at sea level. The reservoir holds
200 million (2 x 107) litres of water. If a litre of water has a mass of 1 kg, how
much gravitational potential energy is stored in the water in the resarvoir?

a BState how to calculate the kinetic energy stored by a moving object.

b Work out the kinetic energy of the following:
i a man of mass 80 kg running at 9 m/s
il an air rifle pellet of mass 0.2 g travelling at 50 m's
il a ball of mass 80 g travelling at 24 m/s.

A catapult fires a stone of mass 0.04 kg vertically upwards. If the stone has
an initial kinetic energy of 48 J, haw high will it travel befare it starts to fall
back to the ground?

If a coin is dropped from a height of 80 m, how fast will it be travelling when
it hits the ground? State any assurmptions you may need to make.

Define power and state its unit.

A parson with a mass of 40 kg runs upstairs in 12 5. The stairs have
20 steps and the height of each step is 20 em.

a How much does the person weigh, in newtons?
b What is the total height that the person has climbed?

o Calculate how much workl is done in climbing the stairs.
d What is the power output of the person running up the stairs?
A drag car, of mass 500 kg, accelerates from rest to a spead of 144 kmvhin 5 5.
a What is its final spead in:
i m/h (metres per hour)
il mis?
b What is the increase in KE of the drag car?
c What is the average power developed by the drag car's engine?
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PHYSIGS ONLY

17 ENERGY RESOURCES AND ELECTRICITY GENERATION

In this chapter, you will learn about different resources of
energy that are available to us on Earth. You will learn that
some resources are renewable, while others cannot be replaced
once used. As the demand for energy increases with the human
population, there is a danger that non-renewable resources will
run out. We therefore need to use fuel efficiently and to exploit
more renewable resources.

A Figure 17.1 Humans consume vast amounts of fusl for
trangport, as well as heating and cooking.

LEARNING OBJECTIVES

Describe the energy transfers involved in generating Describe the advantages and disadvantages of
electricity using: methods of large-scale electricity production from
various renewable and non-renewahle resources

wind m solar cells
water m fossil fuels
geothermal resources B nuclear power

solar heating systems

The demand for energy increases all the time. The growth of the world
population means more people need food and warmth. More pecple want to
be able to travel. The fuels that we uss to produce energy are being used up
too quickly. We must use our remaining fuel supplies efficiently and look for
new rasources of energy. In Chapter 15, we saw how Wwe can use energy maore
efficiantly in heating our homes. We can make the energy supplies we have
available last longer by being energy efficient.

We also need to understand what energy resources we have available on the
Earth. In this chapter we shall look at different types of energy resource and
the advantages and disadvantages of each resource for generating electricity.
ln particular wa shall distinguizh between renewable and non-renewable
energy resources, New resources of energy are being researched all the time
to meet our growing needs. We must also consider the effect that the use of
different energy resources has on our environment, Some types of energy
resource can cause long-term damage to our environment.




Figure 17.2 Fossli fuels include coal, oil and natural gas,

One of the main energy resources available on our planet is its supply of fossil
fuels. Coal, oil and natural gas are all fossil fusls. They have been formed in
the ground from dead vegetation or tiny creatures by a process that has taken
millions of years. Once we have used them, it will take millions of years for new
reserves of these fuels to be formed. Fossil fuels are, therefore, examples of
non-renewable energy resources.,

1970

A Figure 17.3 Polar ice caps melting

A non-rengwable energy resource is one that effectively cannot be replaced
once it has been used.

Burning fossil fuels affects the environment, mainly by releasing carbon
dioxide into the atmosphere. Carbon dioxide is a greenhouse gas. Greenhouse
gases trap the Sun's heat in the Earth's atmosphere and cause the average
temperature of the atmosphere to rise. This effect is called global warming
and causes changes in the world's climate and melting of the polar ice caps.
Burning coal releases more carbon dioxide into the atmosphere than burning
oil or gas. Of the fossil fuels, natural gas produces the least carbon dioxide
for the same energy output. There is no practical way of avoiding the release
of carbon dioxide into the atmosphere when fossil fuels are burned, although
SOMe energy companies are researching ways of capturing it and storing it
underground.

Most types of coal and oil contain some sulphur, When they are burned, this
is converted to sulphur dioxide. Sulphur dioxide is then released into the
atmosphere whara it combines with water to form acid rain. Acid rain causes
damage to people, plants and buildings. It is possible to remove the sulphur
from these fuels but this increases the cost of the energy produced. It is also
possible to remove sulphur dioxide from the waste gases when the fusl is
burned, but this also increases the cost. International agreements are forcing
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companies that emit large quantities of sulphur dioxide to clean up their wasts
gases, and acid rain is now less of a problem in Europe than it used to be. Acid
rain Is still a problem in many countries in the developing world.

Fossil fuels also provide valuable chemicals that can be used in the
manufacture of a wide range of useful products (Figure 17.5). Once burned for
energy production, these chemical resources are lost permanently. Burning
such resources may be a very wasteful way of using them.

A Figure 17.4 William Perkin discovered the

first synthetic dye in 1856 using substances = ) =
produced from coal tar, A Figure 17.5 Many products are manufactured using extracts from oil and coal,

Nuclear reactors use uranium to produce energy. For the nuclear process, a

particular form or isotope (see page 223) of uranium is needed. Although a
reactor only needs a small amount of uranium fuel, uranium is in limited supply.
The uranium in the Earth was formed before the Sclar System was formed, so
once it has been used there will be no further supplies. It is, therefore, ancther
example of a non-renewable resource.

Power generabted from nuclear processes has the advantage of being ‘clean’. it

iz clean because the process does not invalve the production of greenhouse or
other polluting gases. The cost per unit of slectricity is very low, but nuclear power
stations are expensive to build. The disadvantages of nuclear power ara tha rish
of accidents and the problem of disposal of radisactive material once a power
station is finizhed with it. Accidents that release radicactive materials like uranium
and plutonium into the atmosphere pose long-lasting risks to living things.

‘Fast breeder reactors’ are 50 called because they create more nuclear fuel than
they consume, but they still require uranium for their cperation. The fuel produced
is plutanium. This is extremealy dangerous to life and is also a material used for the
manufacture of nuclear weapons.

ELECTRICITY

Electricity is not an energy resource, because it has to be generated using
other resources of enargy. At present, most of the electricity used in the world
is generated in power stations like the one shown in Figure 17.6.

Heat from nuclear fuel or from burning fossil fuels is used to heat water, This
praduces high-pressure steam that makes the blades of a turbine spin. A turbine
is like a windmill or a fan, but with many more blades. The turbine is used to fumn
the generator, which generates the electricity (you will leam more about this in
Chapter 21). The energy changes involved are shown in Figure 17.7.

Electricity can also be generated using reneawable energy resources.
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nrml::-laufuai
used to

hiat water turtsing generatr

A Figure 17.7 Several energy changes are involved in producing electricity.

RENEWABLE ENERGY RESOURCES

A renewable energy resource is one that will not run out.

Wood is an example of a renewable energy resource. As wood is cut for fusl,
new fast-growing trees are planted to replace those cut down. With careful
managemant the supply of wood fuel can be maintained indefinitely. Howewver,
burming wood produces pollution and greenhouse gases, Wood is also morne
valuable if it is not burned, because it can be used in building or making
furniture.

The demand for fuel and our worries about global warming and pollution have
made us search for alternative enengy resources, We need renewable energy
resources that do not pollute the world or contribute to global warming.

HYDROELECTRIC POWER

A Figure 17.8 Moving water is a renewable
BREFOY FESOUNCE,

The kinetic energy available in large quantities of moving water has been
hamessed (used) for many hundreds of years. Water wheels have been used
to transfer the energy stored by water in rivers to grind (break down) corm and
power industrial machinery. A different kind of water wheel, called a turbine, is
used to turn the generators in a hydroelectric power station. These power
stations use the stored gravitational potential energy (GPE) of water in high
reservoirs built in mountains. The GPE is transferred to kinatic anergy (KE) as
the water flows down the mountain to the power station below.

The energy transferred in this way is renewable, The Sun causes water to
evaporate continuously and to be drawn up into the atmosphere. This water
then falls as rain to be collected in reservoirs and used again. Moving water is
a renewable resource.

Although hydroelectricity s a very clean, renewable rescurce, building
reservoirs and power stations can spoll the landscape. The reservair may also
destroy or alter the natural habitat for wildlife,
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b sluice gates

A Figure 17.9 a Tidal power slation at La Rance, Brittany. b Tidal power also involves hamessing (using) the energy in moving water.

A Figure 17.10 The turbine has angled Mades.
As water is forced between the blades,
they start to turn. The rotating turbine is
connected to a generator to make it tum too.

WAVE ENERGY

The tides also invalve the movement of huge amounts of water. Tidal power
generation schames, like that at La Rance in Brittany, generate power by
turning turbines as the tide flows into a dammed (blocked) river estuary —
where a river joins the sea. As the tide falls and the water flows out of the
estuary the turbines turn again.

The energy for the movement of the tides is provided by the gravitational pall
of the Moon and Sun. This is renewable energy using a small fraction of the
continuous supply of gravitational energy.

There are not many places around the world suitable for building dams for tidal
energy. If a dam is built, it affects the rise and fall of water in the estuary, and
this is likely to damage habitats for wildlife. Some energy companies are now
developing 'tidal stream turbines’, which are like underwater wind turbines.
These will be driven by tidal currents.

Energy can also be extracted from waves. The continuous movement of the
surface of the seas and oceans is the result of a combination of tides and
wind. A variety of methods have been developed to make use of the rise

and fall of water due to waves. Figure 17,11 shows a system that has been
developed to use the energy of waves. Again, this energy is renewable, as the
movement energy of the waves is continuously available.

Water power is clean, producing no greenhouse gases or unwanted waste

A Figure 17.11 An oscillating water columm system for using wave energy

r
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Figure 17.12 Old windmills were 2 way of
uging wind energy.
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Winds are powered by the Sun's heat enargy. Wind is a renewable source
of energy that has been used for many centuries. Windmills hava been used
to grind cormn and power machinery like pumps to drain remove liquid from)
lowland areas. Today, wind turbines drive generators to provide elactrical
energy.

The energy produced is clean, but wind power can only be harvested in
regions where the wind blows with enough energy for a significant proportion
of the year, Wind farms can cause environmental damage, as they change the
appearance of the landscape. They also cause some noise poliution, and may
kill birds and bats.

SOLAR POWER PRODUCING
'ELECTRICITY

SOLAR POWER PRODUCING HEAT

L Figure 17.14 Solar heating panels use;d to
heat water

Photovoltaic cells (solar cells) transfer light energy directly to electrical energy.

Photovoltaic (PV) cells are around 15% efficient. This means that 15% of

the Sun's energy is transferred to useful electric energy. Improvements in PV
efficiency and the fact that they are becoming cheaper to produce mean that
more PV energy farms are being set up to provide large amounts of electrical
energy. PV cells are also used to provide small amounts of electricity for use in
places that cannot easily be connected to the electricity mains supply.

Figure 17.13 shows PV cells being used to power the Hubble space telescope,
and a PV energy farm.

Advantage: They provide a renewabla anergy resource that doas not produce
greennouse gases,

Disadvantage: Some people think that thousands of square metres of PV cells
spaoil the countryside. Others are worried that good farming land is lost when
PV farms are built.

b

A Flgure 17.13 Photovoltaic cells a on the Hubble space telescope, and b on an energy farm producs
electricity when sunlight falls on them.

Figure 17.14 shows panels that use heat from the Sun to warm water, Thay
provide small guantities of hot water and reduce the amount of energy that
might otherwise come from using non-renewable resources.

The design of efficient solar heating panels involves all the methods of heat
transfer discussed in Chapter 15, Solar panels are often usead in questions
about heat transfer.

Solar heating panels absorb thermal radiation and use it to haat water. The
panels are placed to receive the maximum amount of the Sun's energy. In

the northemn hemisphere, they must face south and be angled so that light
falls on them as directly as possible for as long as possible. The structure of a
typical solar heating panel is shown in Figura 17.15.
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light

EXTENSION WORK

Solar panels used to heat water (and
therefore reduce energy used to heat
water] are often used as an example
of how a knowledge of conduction,
convection and radiation can help

to make these panels as efficient as
possible. The use to generate electricity
is described in the solar power boiler
shown in Figure 17.16. Other methods
are used to concentrate the heating
effect of tha Sun rays too.

glass to trap an air layer

copper water plpes,
= with matt black surlacae,

brazed to a sheat of

copper with a man

black surface

tharmal insulation layer faced

with reflective 1oll on both

upperand lower surfaces

A Figure 17.15 Here is one type of solar heating panel. They are designed to ransfer as much
anengy to the water passing through them as possible.

Water is pumped through copper pipes brazed onto a copper sheat. Copper
is used because it is an excellent thermal conductor, The surfaces of the sheet
and the pipes have a matt (not shiny) ack finish as this is the best absorber
of heat radiation. The glass traps a layer of air above the copper to help
insulate the unit and retain the heat, The backing is also designed to stop heat
gscaping to the surroundings. This kind of panel is reasonably efficient and the
energy produced is more cost efficient than that from photovoltaic cells. Solar
heating panals are used widaly to provide water heating.

A Figure 17.16 A large number of mirrors focus heat from the Sun on a boiler in the tower at the
cantra. The steam producad drives a turbine to generate lectricity.

Electricity can also be generated using solar heating, Curved mirrors are used
to focus thermal radiation onto a boiler or pipes containing water to produce
steam. The mirrors are controlled to reflect the Sun's heat onto the central
toweer throughout the day. The steam can be usad to drive turbines which can
be uzed to drive electricity generators,

GEOTHERMAL ENERGY

Geothermal energy is thermal energy stored deep inside the Earth. The heat

in regions of volcanic activity was produced by the decay of radicactive
elements like uranium. Volcanoes are evidence of the enormous heat and
energy beneath the Earth's surface but do not provide a safe or reliable enargy
resource. However, heat from the ground can be used safely. In some areas
of the world, like lceland (Figure 17.17), geothermally heated water is readily
available in springs and geysers. This is used to drive the turbines in electricity
generation stations. The hot water is also used to provide domestic heating

by sending it directly to houses. This resource is renewable, does not produce
pollution and does not have a great impact on the environment. There are
many areas of the world where geothermally heated springs can, and are,
being used to provide energy.

T




A Figure 17.17 A geothermal alectricity ganarating station in lealand, with a huge swimming lagoon
heated gaatharmally

SUPPLY AND DEMAND

Many different energy resources can be used to generate electricity, and
they all have advantages and disadvantages. Some of the environmental
disadvantages have already been discussed, but supply and demand also
nead to be taken into account. Different types of power station differ in the
speed with which they can meet changes in the demand for electricity.

The demand for electricity varies from hour to hour, day to day and season to
geason, The way that the demand varies can be predicted to some extent. For
example, there is a rise in demand in the early moming as psople wake up, turmn
on lights and heaters and start to make breakfast, and of courss in wiriter the
demand for heat is much greater than in summer. Some sudden rises in demand
are less predictable. A popular TV programme with an exciting episode can keap
millions of viewers in front of their televisions - if they all decide to make a cup
of tea as soon as the adverts come on, electricity usage will suddenly increase
(electric kettles use a lot of power). The companies that supply electricity must
be able to cope with these changes in demand, otherwise they are forced to cut
off electricity to some consumers. This is not good for customer relations and, of
course, means a reduction in the amount of electricity sold.

Muclear power stations cannot be turned on instantly. The process of starting
the fission reaction and heating up the core of the nuclear reactor is a long
one. Clearly nuclear power stations cannot meet sudden variations in demand.

Power stations that burn fossil fuels can be started more quickly but can still
take many hours to start producing electricity. Coal-fired stations take longer
than oil-fired stations to develop the heat required to drive steam through the
turbines. Gas-fired stations can respond most guickly to rises in demand.

Hydroelectric power stations provide a very reliable energy resource with the
advantage of being able to respond very quickly to changes in the national
demand for electricity. Unlike other types of power station, they are able to operate
in reverse. This means that they can use extra electricity produced by other power
stations that cannot be shut down quickly to pump water back up into the high-
level reservairs. This transfers the electrical energy back to gravitational potential
energy, which can then be re-transferred when needed at a later time. This is the
only realistic way of ‘storing’ large amounts of extra electrical energy.
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W Wind power is dependent on the strength, direction and frequency of wind.
Although wind farms are located in windy areas, they cannot be relied upon

The US Department of Energy has
proposed the bullding of a nuclear
waste storage facility beneath the
Yucca Mountains, High-level nuclear
waste will be placed in concrete
containers that are supposed to hold
the nuclear radiation safely for 300 to
1000 yaars.

to produce electricity at the times when it is needed most, Tidal power is
not available continuously, but the times at which it will be available are
predictable.

COST

Planners must also look at the financial costs of electricity generation. Muclear
power uses a relatively cheap fuel. Uranium produces huge amounts of
energy, so the cost of energy per unit of fuel used is low. However, building

a nuclear power station is very expensive, Nuclear power requires complex
technology and very high standards of safety. On top of these “start-up’ costs,
planners must also consider the expense of decommissioning (closing down)
a nuclear power station at the end of its useful working life. For conventional
power stations, this is a routine demeolition job, but for nuclear power stations
the task is not as straightforward. Radioactive materials must be handled with
great care and stored in a way to ensure that none escape.

We see that, although the running costs of nuclear power are relatively low,
the pay-back time is very long. (The pay-back time is how long it takes for the
income from selling electricity to cover the cost of building the power station.)

The cost of setting up a wind farm is much lower than the cost of building a
nuclear power station and there are no fuel costs. However, the amount of
energy produced by wind farms is comparatively low. The pay-back time for
wind generators is therefore quite long.

LODKING AHEAD

Sometimes physics is described as the study of matter and energy. As we
have stated in this unit, energy, work and power affect us in everyday life.
We use energy to move things around, keep us warm and to manufacture
things. As the population of the world increases the demand for energy
also increases. Fossil fuels are a non-renewable resource and, although

new reserves may be discovered and new methods of extracting these
resenves found, they will run out eventually.

Energy is neaded to move an object against a force. You will learn

more about the forces that govern the way the Universe works: grawvity,
electromagnetic and the two types of nuclear force. By understanding
how to break the forces that hold the atom together, physicists have
made powear from nuclear fission. Understanding how to force atoms
close enough together for them to form more massive atoms will provide
us with nuclear power from fusion reactors.

Building experimental fusion reactors is a huge challenge for engineers
and scientists. If successiul they may provide a long-term solution to the
| world's demand for energy without the problems of nuclear waste — but a
fusion reactor capable of delivering energy on the scale we need has not
yat been built,

Scientists continue to search for new solutions to producing energy and
to improving the efficiency of the devices we use to cut down on energy

waste,

T
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A Figure 17.18 Cross-section of a prototype fusion reactor

CHAPTER QUESTIONS Mare questions on energy resources can be found at the end of Unit 4 on

m CRITICAL THIRKING

SKILLS  JlEsiis
m CRITIGAL THINEING

"o

page 168,

1 Here is a list of ways of ways of producing electricity:
A wind farms E gas-fired power stations
B coal-fired power stations F tidal power stations

C hydroelectric power stations G using geothermal energy
D nuclear power stations
o State which of these produces ‘clean’ electricity.

b State which of these uses 'fossil' fuels,

o State which of these uses a renewable energy resource,

d State which of these produces waste that remains dangercus to people
and animals for very long periods of time.

From the list in Question 1 choose those methods of producing electricity
that are only suitable in certain places and state the type of location
requirad for each method.

Nuclear power generation does not produce greenhouse gases. Thisis a
significant advantage of nuclear power over power stations that bumn fossil fuels.

a Describe two other advantages of using nuclear power.
b Describe two disadvantages of using nuclear power,

4 The demand for electricity varies on an hourly and a daily basis. Sometimes
the changes in demand are predictable, but sometimes they are not. Give
two examples of predictable changes in demand and two examples of
changeas in demand that are not predictable.

5 Electricity is generated by a number of different types of power station. Give
three examples of different types of power station and compare how well
they are able to respond to sudden changes in demand.

=]
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END OF PHYSICS ONLY
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UNIT QUESTIONS

PROBLEM SOLVING | D n

m CRITICAL THINKING ,'5)

m PAOSLEM SOLVING £ :,

a Afluorescent lamp is 25% efficient. Choose the staterment that correctly

describes how the lamp performs.

A the lamp only works for a quarter of the time

B 25% of the electrical energy transferred to the lamp is wasted

C the lamp does not work properly

D 25% of the energy supplied to the lamp is transferred to light (1)

A caruses energy stored in chemical form in petrol. When the engine is
running this energy is transferred to other types of stored energy. Which of
the following energy stores is useful?

A noise

B heat

C movemeant

D hot exhaust gases (1)
Which of the following materials is a good thermal conductar?

A glass

B aluminium

C air

D water (1}
Which of the following statements about thermal radiation is false?

A It cannot travel through glass.

B It can travel through a vacuum.

C It travels at the speed of light.

D It is absorbed by black objects better than shiny ones. (1)

Four students, A, B, C and D, measure thair power output by running
upstairs and timing how long it takes. Which of the four students has the
greatest power output?

A mass of 50 kg, takes 20 s to gain a height of 10 m

B mass of 40 kg, takes 30 s to gain a height of 15 m

C mass of 45 kg, takes 10 s to gain a height of 5 m

D mass of 35 kg, takes 25 s to gain a height of 15 m (1)
(Total for Question 1 = 5 marks)




E \ERGY RESOURCES AND ENERGY TRANSFER  UNIT QUESTIONS 169

m (v B An electric motor is used to raise a load that weighs 800 N through a distance
of 30 m.
‘?J a How much work does it do in raising the load? (3)

b Calculate the power output of the motor if it takes 16 s to raise the load. (2)
¢ The motor is 75% efficient.

m CRITICAL THIMKING D i Explain what this means. 2)
SKILLS N 3 i Calculate the electrical power that must be supplied to the motor to
raise this load in the time stated. Give your answer in KW. (2)
INTERPRETATION d Draw a labelled Sankey diagram to represent the energy transfers that take
place as the motor raises the load. (3)

(Total for Question 2 = 12 marks)

| SKILLS ket B The diagram shows a toy rocket launcher that uses a spring in a tube.

rochket

\

a Here are statements that describe the events leading to the launch of the
toy rocket:

1 spring released

2 rocket leaves launcher

3 rocket gains kinetic energy

4 spring stores elastic potential energy

5 child does work squashing the spring

6 spring transfers stored energy to rocket

Choose from the following list the letter that describes the events in the

order that they must happen. (1)
A 156324 B 541632 € 154632 D5E41623

m CRITICAL THINKING b Describe the energy transfers that take place after the rocket leaves the
launcher, up to and including when it hits the ground. (4)

[Total for Question 3 = 5 marks)
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m EXECUTIVE FUMCTION n A student wants to show that water is a poor conductor of heat. The diagram
below shows the investigation he sets up.

it

Irv & the ice is

held at the bottarm
of the tube by wire
gauze,

HEAT

The student measures how long it takes for each piece of ice in the water
to melt. The results will help him to show whether or not water is a poor

conductor,
_ﬁl a State anything the student should do to make sure this is a fair test. (3)
B essonm D b | Assuming that this is a fair test, in which order do you think the ice will
melt, starting with the slowest? Give an explanation for your answer.  (4)
EXECUTIVE FUNGTION ii How can this investigation show that water is a poor conductor? (3)

(Total for Question 4 = 10 marks)

B This question is about PV (photovoltaic) cells. A student wanted find the best
angle to set up a PV cell to get the maximum amount of energy transferred
from the Sun’s rays to electrical energy. Here is the apparatus she set up and
the resultz she obtainad.

smiall food light

TS o 1w 2 33 40 5 6 70 80 90
m 144 155 189 202 208 210 204 191 172

The PV cell was connected to a load and she measured the current, [,
produced by the cell with the cell at different angles, 8, to the horizontal.

a State:
3 i the dependent variable (1)
i the independent variable (1)

% iii a control variable. (1
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L ATWE B INTERFRETATION 3 b On a graph grid, 18 cm by 22 cm, plot a graph of the current produced by
the PV cell against the angle of the call to the horizontal. (5)
¢ Use the graph to find:
PROBLEM SOLVING s) i any anomalous result (1)
= !D il the angle to get the maximum output from the PV cell in the set-up
. shown. (1)
T exccumve runcrion d When installing PV panels it is important to have them pointing towards

the Sun as you would expect, In the experimental set-up shown, the lamp
is modelling conditions in the UK in early March at midday (when the Sun
reaches its highest position in the sky).
i How could the experiment be sat up to model different positions of
Sun? (1)
INTERPRETATION =3 ii The experiment is repeated by another student at a time and place when
the Sun is directly overhead at midday. Sketch a line on your graph
to show how this student’s results might appear. Label this line ‘Sun
overhead’, (3)

[Total for Question 5 = 14 marks)
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SOLIDS, LIQUIDS AND GASES

18 DENSITY AND PRESSURE

hna way of characterising materials is by their density. This chapter looks at density and at how materials can affect

A Figure 18.1 Some effects of density and pressure

LEARNING OBJECTIVES

Know and use the relationship between density, mass and volume:

mass 2 m

density = =
volume v

Practical: invesligate density using direct measurements of mass

and volume

Know and use the relationship between pressure, force and area;

force 7
area =

LNITS

In this section you need to use degree
Calsius ("C) and Kelvin (K) as the units of
temperature (these units both represent
the same change in temparature but the
Kelvin scale starts from absolute zero,
as explained later), kilogram per cubic
metre (kg/m?) as the unit of density,
cubic metre (m?) as the unit of voluma,
pascal (Pa) as the unit of pressure and
square metre (m?) as the unit of area,

It Iz important 1o remember

1 m? = 1000000 cm? (a cubic metre is
1 million cubic centimetres) and

1 m? = 10000 cm? (a square metre [s
10 thousand square centimetras).

Pressure =

o iz the Greek letter rho (pronounced
‘row') and is the usual symbol for
density. This is not to be confused with
o which represents pressure,

Understand how the pressure at a point
in a gas or liquid at rest acts equally in all
directions

Know and use the relationship for
pressure difference;

pressura difference = height = density

x gravitational field strangth
p=hx=p=q

The properties of a material affect how it behaves, and how it affects other
materials around it. The balloon can fly because the gas inside it has a very
low densily. The skis spread the weight of the skier over the snow so she does
not sink into it. The submersible is designed to explore the seabed =it has a
very strong hull to withstand the high pressure from water deep in the oceans.

DENSITY

Solids, liquids and gases have different properties and characteristics. One
such characteristic is density. Solids are often very dense - that is, they have
a high mass for a certain volume. Liquids are often less dense than solids, and
gases have very low densities.

The density (p) of a material can be calculated if you know the mass (m) of a
certain volume (V) of the material, using this equation:

mass, m
L ¥ e e
p=5
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The units for density depend on the units used for mass and volume. If mass
is measured in kilograms and volume in cubic metres, the units for density are
kilograms per cubic metre (kg/m?). Density can also be measured in grams per
cubic centimetre (g/cm).

EXAMPLE 1

A piece of iron has a mass of 390 kg and a volume of 0.06 m?. What is its

density?
B ) =Wlum3
" 390 kg
©0.05 m?
= T800 kg/m?®

A Figure 18.2 The equation for density can be rearranged using the triangle methad.

If an examination guestion asks you to
write out the equation for calculating

density, mass or volume, always give ACTIVITY
the actual equaticn in words or using

standard symbols, such as 0 = 7. ¥ PRACTICAL: INVESTIGATE THE DENSITY OF SOLIDS

The density of a substance can be determined by measuring the mass
and volume of a sample of the material, and then calculating the density.

& a
‘“"“x_/

A Figure 18.3 a The volume of a regular solid can be calculated by multiplying its length (1),
waldth (1) and height (k). b The volume of an imegular object can ba determingd using a
displacement can and a measuring cylinder.

Use a half-metre rule to measure the length, width and height of a regular
solid. When measuring the volume of the liquid that is displaced (pushed
out) by an imegular solid make sure that the measuring cylinder is on a
level (horizantal) surface and that you look at the scale straight on as
shown (to avoid parallax error).

You then need to measure the mass of the solid. Use weighing scales for
this.
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Check the units when you are working
out density - don't mix up g and m?, for
example, Also check which units the
question asks for in your final answar.
Thkg=1000g

To convert kg to g, divide by 1000,

1 m? = 1000000 cm?

To canvert cm? to m®, divide by
1000000 {or 109).

Alternatively, work qut the density in
afemd, then multiply your answer by
1000.

When answering questions, start with
the equation you need to use in words
ar recognised symbaols,

DENSITY AND PRESSURE

The mass of 50 em? of a liquid and a measuring cylinder is 146 g. The
mass of the empty measuring cylinder is 100 g. What is the density of the
liquid in kg/m3?

mass of 50 cm?® of liquid = 146 g - 100 g
=469
= 0.046 kg

50 cm? = 0.00005 m?

m

Ry
~0.046kg

~0.00005 m?®

= 920 kg/m?

__48g
~ 50 cm?

= 0.92 gfcm?
= QEI:I kg.‘ll'l'l-3

PRESSURE UNDER A SOLID

Y¥ou can push a drawing pin into a piece of wood quite easily, but you cannot
make a hole in the wood with your thumb, no matter how hard you push! The
small point of the drawing pin concentrates all your pushing force into a tiny
area, so the pin goes into the wood easily. Similarly, it is easier to cut things
with a sharp knife than a blunt one, because with a sharp knife all the force is
concentrated into a much smaller area,

Pressure is defined as the force per unit area. Force Is measured in newtons
(M) and area is measured in sguare matres (m*). The units for pressure are
pascals (Pa), where 1 Pa is equivalent to 1 N/m?,

Pressure (p), force (F) and area (A) are linked by the following equation:

farce, F (newtons)
area, A (sguare metres)

pressure, p (pascals) =

A Figure 18.4 The equation for pressure can be rearranged using the triangle method.
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An elephant has a weight of 40000 N, and her feet cover a total area of
0.1 m2.

& woman weighs 600 M and the total area of her shoes in contact with the
ground is 0.0015 m2. Who exerts the greatest pressure on the ground?

Elephant:
p =

|

40000 N
0.1 m2

= 400000 Pa (or 400 kPa)

Woman:

=k
e
_ 600N

0.0015m?
= 400000 Pa (or 400 kPa)

They both exert an equal pressure.

.

i
A Figure 18.5 a The caterpillar tracks on this vehicle spread its weight over a large area.
b Gamels have large feet 5o they are lass likely to sink into loose sand,

Some machines, including cutting tools like scissors, bolt cutters and knives,
need to exert a high pressure to work well. In other applications, a low
pressure is important. Tractors and other vehicles designed to move over mud
have large tyres that spread the vehicle's weight. The pressure under the tyres
is relatively low, so the vehicle is less likely to sink into the mud, Caterpillar
tracks wuzed on bulldozers and other earth-moving equipment serve a similar
purpese. (In Figure 18.5a the caterpillar tracks are very large.)

PRESSURE IN LIQUIDS AND GASES

The submersible shown in Figure 18.1 has a very strong hull to withstand the
high pressure exerted on it by seawater. Pressure in liguids acts equally in all
directions, as long as the liquid is not moving. You can easily demonstrate this
using a can with holes punched around the bottom, as shown in Figure 18.6.
When the can is filled with water, the water is forced out equally in all
directions.
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A Figure 18.8 a When the hamisphares are
full of air, the forces are the same iside
and oartside, b When the air is taken out,
there is only a force on the outside of the
hemisphares,
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Gases also exart pressure on things around them. The pressure exerted by the
atmosphera on your body is about 100000 Pa (although the pressure varies
slightly from day to day). However, the pressure inside our bodies is similar, so
we do not notice the pressure of the air.

A Figure 18.6 Pressure in liguids acts equally in all directions, A can of water with holes can be used
to demonstrate this,

One of the first demonstrations of the effects of air pressure was carried out
by Otto van Guericke in 1654, in Magdeburg, Germany. Van Guericke had two
large metal bowls made, put them together and then pumped the air out. The
bowls could not be pulled apart, even when he attached two teams of horses
to the bowls.

A Figure 18.7 Van Guericke's experiment at Magdeburg

You can do the same experiment in the laboratory, using much smaller bowls
called Magdeburg hemispheres. When air is inside the spheres, the pressure is the
same inside and outside. If the air is sucked out, pressure is only acting from the
outside, The hemispheres cannot be pulled apart until air is let back into them.

A laboratory set of Magdeburg hemispheres has a surface area of
0.045 me. What is the total force on the outside of the hemispheras?
F=p=xA
= 100000 Pa = 0.045 m?
= 4500 M
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4 Figure 18.9 Pressure in a liguid increases
with depith.

r b

=

= -
T \\

‘-‘"F FArea, A
A Figure 18.10 We can work out the pressure

difference between two points in a liquid by
considering a column of the liquid,

You need to leam this equation but vou
do not need to know the proof given
here for the exam.

PRESSURE AND DEPTH

The experiment shown in Figure 18.9 demonstrates that the pressure in a liquid
increases with depth, We can work out the pressure difference by thinking
about a column of water, as shown in Figure 18.10.

The force at the bottorn of the column is equal to all the weight of water above
it. The volume of this water (V) is found by multiplying the area of its base (4)
by the height (i) of the column. We can work out the mass (m) of the water by
multiplying the volume (A = h) by the density (o).

mass of water, m=(Ax M= p

The force (F) on the bottom of the water column is equal to the weight of
this volume of water, which is the mass, m (A x h = g), multiplied by the
gravitational field strength (g) (see page 34).

Fe=Axh=xgi=g

As we are concerned with the pressure on the base of the column, we divide
the force by the area:

_Axhxpxg
= A

The area of the column therefore does not matter, and we can calculate the
pressure differance between two points in a ligquid using the equation:

pressure difference, p (Pa) = height, h (m) x density, o (kg/m?) = gravitational
field strength, g (N/kg)

p=hxpxg
Be careful not to muddle the symbol for pressure, p, with the symbol for
density, p.

This equation can be used for calculating pressure differences in other liguids
or gases, as long as you know their densities.

F

The first experiments on air pressure were N e 1855 tube
carried out using a simple barorneter. This
was made by filling a long glass tube with T

mercury, and then inverting it into a bowl of
mercury. The mercury falls until the weight
of the column is supported by the pressure height

of the air on the mercury in the bowl. of mercury
& column e MEFCURY

If the column of mercury is 0.74 m high,
what is the air pressure?

The density of mercury is 13 600 kg/m?.

Take the gravitational field strength as L;I
10 M/kg.

A Figure 18.11 A simple
p=h=xpxg mercury barometer

=0.74 m x 13600 kg/m? » 10 N/kg
=100640 Pa
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EXTENSION WORK

The unit for pressure is named after Blaise Pascal (1623-1662). He was the first
person to demonstrate that air pressure decreases with height, He persuaded his
brother-in-law to take a mercury barometer up a mountain and measura the air
pressurg at different stages in the climb. He also arranged for someoans at the base
of thie mountain to measure the air pressure at different times during the day. The
measurements showed that the pressure of the air does decrease as you climb.

LOOKING AHEAD — WEATHER AND PRESSURE

& b 72 ==

% Figure 16.12 Weather maps show isobars (lines of equal air pressure). The cenire of
hurricans Katrina is a very low prassura region surrounded by isobars thet are very close
togethar, The result of the pressure difference Is very strong winds,

% Figure 18.13 Tornados regularly cause huge amounts of damage in many parts of the world.

Variations in atmospheric pressure are partly responsible for the weather
systems around the world. Meteorologists produce maps showing how
atmospheric pressure varies from place to place to help them make
pradictions about future weather systems, Regions of low pressure
produce winds as air flows from surrounding areas of high pressure.

Sometimes the wind speeds cause violent weather systems with tomadoes
and hurricanes causing extensive damage and loss of life. Physics
provides important tools to enable meteorologists to make more accurate
predictions about when and where these devastating events will occur.
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DENSITY AND PRESSURE

GCHAPTER TIONS
RIER GRS Maore questions on density and pressure can be found at the end of Unit 5 on

CREATIVITY,
SKILLS HEH-SHIHIH[;

LA [NE PROBLEM SOLVING

SKILLS it
m FROBLEM SOLVING

m REASONING

page 193.

1 A Greek scientist called Archimedes was asked to check the purity of the
gold in a crown. He did this by comparing the density of the crown with the
density of pure gold.

2 Describe how he could have measured the density of an irregular-shaped
object such as a crown.

b Pure gold has a density of 19 000 kg/m*. Suppose the crown had a
volumea of 0.0001 m®. What mass should the crown be if it is made of
pure gold?

2 People working on the roofs of buildings often lay a ladder or plank of wood

on the roof. They walk on the ladder rather than the roof itself.

a Explain why using a ladder or plank will help to prevent damage to the
roof.

b A workman's weight is 850 N, and each of his boots has an area of
210 em?, Calculate the maximum pressure under his feet when he is
walking. Give your answer in pascals.

¢ The workman lays a plank on the roof. The plank has an area of 0.3 m?
and a weight of 70 M. What is the maximum pressure under the plank
when he is walking on it?

Remember that all your weight is on one foot at some point while you are walking.
To convert ¢m? to mé, divide by 10000 or 0%,

3 A manometer can be used to find the pressure of a gas. The differencea in
the level of the liquid in each side of the tube indicates the difference in
pressure on the water surface at A and the pressure of the gas on the water
surface at B. {Assume atmospheric pressure is 100 kPa.)

=

~+1— water density

\'\hj/ = 1000 kgrm?

a What is the difference in pressure in Pa between A and B?
Usa g = 10 N/kg.
b What is the pressure of the gas in tube C7

¢ Describe what will happen when the gas is turned off and the pipe is
removed from C.

gas
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- All matter is made up of particles that are continuously moving.

The arrangement and movement of the parlicles determine the properties

of the material. In gases, scientists have discovered laws that describe

the relationship between pressure, temperature and volume. In this
“chapter, you will learn what these laws are and how this relationship can

be explained in terms of the behaviour of the particles.

» Figure 19.1 The bolanist Robert Brown (1773-1858) made an ohservation while slhudying
palien grains under & microscope that has bacom known &5 Brownian moton in his
hanour. The observation led to the kinetic theory of matter that we use to explain the

behaviour of solids, liguids and gases.
LEARNING OBJECTIVES

PHYSICS ONLY

Explain why heating a system will change the
‘enerqy stored within the system and raise its
temperature or produce changes of state

Describe the changes that occur when a solid
‘meits to form a liquid, and when a liquid
evaporates or boils to form a gas

Describe the arrangement and motion of particles
insolids, liquids and gases

Practical: obtain a temperature-time graph to
show the constant temperature during a change
-of state

Know that specific heat capacity is the energy
required to change the temperature of an object by
one dema Celsius per kilogram of mass (J/kg °C)

Use the equation:

change in thermal energy = mass x specific heat
capacity = change in temperature
AQ=mx cx AT

Practical: investigate the specific heat capacity of
materials including water and some solids

Explain how molecules in a gas have random motion and
that they exert a force and hence a pressure on the walls
of a container

Understand why there is an absolute zero of temperature
which is =273 *C

Describie the Kelvin scale of temperature and be able to
convert between the Kelvin and Celsius scales

Understand why an increase in temperature results in an
increase in the average speed of gas molecules

Know that the Kelvin temperature of a gas is proportional
to the average kinefic energy of its molecules

Explain, for a fixed amount of gas, the qualitative
relationship between;
B pressure and volume at constant temperature
B pressure and Kelvin temperature at constant volume
Use the relationship between the pressure and Kelvin
temperature of a fixed mass of gas at constant volume:
h_m
h T
Use the relationship between the pressure and volume of
a fixed mass of gas at constant temperature:
= pl;
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We think that all matter is made up of tiny particles that are moving. The way
that the particles are arranged and the way that they move determine the
properties of a material, such as its state at room temperature or its density.

THE STATES OF MATTER

Some of the properties of a substance depend on the chemicals it is made
from. However, substances can exist in different states. The main states of
matter are solid, liguid and gas. We are used to finding some substances in
gach state in everyday life - for example, water is familiar as ice, as water and
as steam. There are other substances that we usually see in only one state

- for example, we rarely see iron in any state other than solid, or experience
oxygen in any state other than as gas.

Substances can change state by the processes of melting, evaporation,
boiling, freezing and condensing.

—
mefting evaparating/boiing
T T

i

solid F o T Tigquid — " gas
fraazing condensing

L —

A Figure 19.2 Changes of state

PROPERTIES OF THE DIFFERENT STATES OF MATTER

Most of this chapter will be about the properties of gases, but we shall mention
solids and liquids for completeness.

SOLIDS Salids have a definite rigid shape and they are often very dense. The density of
a substance is a measure of how tightly packed the particles are.

Some solids have high densities because the particles that they are made
from are very closely packed in a regular arrangement. There are strong forces
between the particles, which give solid objects their definite shape and, in
some materials, a great deal of strength.

Although the particles are held together by strong forces, they can still move.
They vibrate about their fixed positions in the solid. When we supply energy to
a solid by heating it, the particles vibrate more = they move more quickly. We
notice the increase in the kinetic energy of the particles in a substance as an
increase in the temperature of the substance.

LIQUIDS Liquids share a property with gases - they have no definite shape. However,

the particles that make up liquids tend to stick together, unlike gas particles.
Liquids will occupy the lowest part of any container but gases will expand to
fill any container that they are in. Liguids have much greater densities than
gases. This is because the particles in liquids are still very close together, like
they are in solids. Because the particles in liquids are close together, they still
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- SUMMARY OF THE PROPERTIES OF
- SOLIDS, LIQUIDS AND GASES
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attract one another and hold together. In liquids, there is no fixed pattern and
the particles can move around more freely than in solids. As we heat liquids,
the movement of the particles becomes more energetic.

galid

%%wéq

%

59
édi&

“’JSM
g

A Figure 19.3 The different arrangements of
the partictes in a solids; b fiquids and ¢
gases (nol drawn to scale)

In gases the particles are very spread out, with large spaces between them.
This means that the forces holding them together are small. Gases have
very low densities and no definite shape. Gases can also be squashed into a
smaller space (compressed). Particles of a gas are moving randomiy all the
time. The particles will bump into anything in the gas, or into the walls of the
container, and the forces caused by these collisions are responsible for the
pressure that gases exert.

Salids and liquids are very difficult to compress because the particles in them
are almost as close together as they can be.

R T
definite shape yes na no

can be easily compressed na no s
relative density high high low
can flow {fuid) no VES YES
expands to fill all available space ng no yES

The particles (molecules) in a solid (Figure 19.3a):

B are tightly packed

B are held in a fixed pattern or crystal structure by strong forces between them
¥ vibrate around their fixed positions in the structure.

The particles (molecules) in a liquid (Figure 19.3b):

W are tightly packed (still very close together, like in solids)

B are not held in fixed positions but are still bound together by strong forces
betwean them

B move at random with no fixed positions.

The particles (molecules) in a gas (Figure 19.3c):

W are very spread out

B have no fixed positions and the forces between them are very weak
B mowve with a rapid, random motion.

MEASURING HEAT ENERGY

We have seen that when heat energy is supplied to solids, liquids and gases it
increases the kinetic energy of their molecules, which we detect as an increase
in temperature, Different substances need different amounts of heat energy to
cause the same increase in temperature.

We define the specific heat capacity (s.h.c.), c, of a substance as the amount
of energy required to increase the temperature of 1 kilogram of that substance
by 1°C. The unit of s.h.c. is J/kg °C.
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A, the Greek letter delta, means a
change in the guantity that follows it
fi, the Greak letter theta, is used to
represent temperature 50 40 (delta
thata) means a change in temperature.
It we cool somathing down then A8 is
neqative and so, therafore, is AQL This
simply means that, to cool something
down, we nesd to remove thermal
energy from it.

EXTENSION WORK

This figure assumes that all the thermal
energy provided goes 1o raise the
temperature of the water, In practice
some energy will be usad 1o heat up
the kettle and some will be lost to the
surroundings through thermal radiation,
thermal canduction and convection
and some water will evaporate before
the boiling point is reached,

The immersion heater (and, eventually,
the metal block) will get hot anough

to bum the skin. If used in water, the
immarsion heater must not have its top
imrmearsed.

We use the following equation to work out how much energy is needed to
change the temperature of an object by a given amount:

change in thermal energy, AQ (joules) = mass, m (kilograms) x specific
heat capacity, ¢ x change in temperature, 48 (°C)

AQ =m = ¢ x A8

If you fill a kettle with 300 g of water at an initial temperature of 15°C, how
much energy is needed to make the water heat up to boiling? The s.h.c. of
water is 4200 J/kg *C.
Write down what you Know:

m = 0.3 kg (you must work in consistent units)

c = 4200 J’kg°C
and, as the boiling point of water is 100°C, A8=85"C
Wirite down the equation you are using (no marks for this as it is a given
equation).

AQ=mxcxAd

Substitute the correct values into the equation (this will normally attract a
method mark).

AQ = 0.3 kg = 4200 J/kg °C = 85°C

Mow complete the calculation and include the correct unit in your
answer.

AQ=107100J

ACTIVITY 1

¥ PRACTICAL: INVESTIGATE THE SPECIFIC HEAT CAPACITY
OF A SUBSTANCE

Rearranging the equation above to make ¢ the subject we get:
MDD
m = A8
So wa must:
B measure the mass, m, in kg of the substance under test using
electronic scales

B measure the initial temperature and the final temperature, using a
thermameter to find AG°C

B determine the amount of thermal energy supplied - this is usually done
with an electric immersion heater as shown below.

o Measure voltage, V,
=1 | current, [, and time, ¢, to

|| calculate anergy

—" supplied (A0

A Figure 19.4 Apparatus for measuring the specific heat capacity of a substance

\d
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Figure 19.4 shows typical apparatus for finding the s.h.c. of a metal.

A eylindar of the metal is drilled to allow an electric heater and a
thermometer to be inserted as shown. Use a balance to find the mass

of the cylinder and a thermometar to measure its temperature. Turn the
heater on and measure the voltage, V (volts), supplied to the heater, the
current drawn, / (amps), and the length of time, t (seconds), the heater is
on. Make a note of the highest temperature reached and calculate AB, the
rise in temperature.

The thermal energy supplied by the heater is AQ = V x | x  (page 65).

Substitute the measured values for m, AQ and A8 into the equation
shown above and calculate the s.h.c.

The insulation is used to cut down heat losses to the surroundings.

Thiz method can be used to measure the s.h.c. of water, with a weighed
amount (r1) of water in beaker (with a lid and insulation). The water can
be heated with an immersion heater and heat energy given to the water
calculated in the same way (AQ = i), The temperature increase is
measured with a thermometer.

ENAMPLE 2

In an experiment to measure the specific heat capacity of aluminium, a
cylinder of mass 0.5 kg, initially at 20°C, was supplied with 16 500 J of
thermal energy. At the end of this heating the temperature had risen to
50°C. Calculate the s.h.c. of aluminium,

Write down what you know:

m=0.5kg
AQ = 16500 J

temperature rise from 20°C to 50°C is A8 = 30°C

Substitute these values into the given equation:
AQ

©= mx Y]
_ 185004
0.5 kg = 30°C
and calculate the value:
= 1100 Jkg*°C

As heat will still be lost and some of the heat energy supplied heats the
immersion heater and the thermometer, then this answer is larger than the
expected value of 900 J/kg °C

Tao determine the specific heat capacity of water, 1 litre of water (mass,

m, = 1 kg) at a starting temperature of 20°C is poured into an alectric
kettle with a power of 2.4 KW. The water in the kettle just reaches boiling
point after 2% minutes. Use this information to calculate the s.h.c. of water,

Do you think your answer will be too big or too small? Give a reason for
YOLIF answer,
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As power is the rate of supply of energy you can calculate the energy
transfemed to the water (AQ) using:

energy transferred, AQ (J) = power, p (W) = time, f (seconds) (see page B5)
AQ =2400W = 150 s
= 360000 J
The temperature increase is 80 “C and, conveniently, the mass of water, m,
is 1 kg.
Substitute these values into the given equation.
_ _360000J
1 kg = 80°C
and calculate the value:
¢ = 4500 J/kg°C

The answer will be higher than the accepted value because of heat losses
to the surroundings and the energy that is used to heat the kettle itself.

THE ENERGY INVOLVED IN CHANGE OF STATE

When you supply energy to a substance you would expect its temperature to
rise and this is generally true.

Maphthalene is used becausa it has a
lower melting point than many solids.
It iz flammable so must be heated
indirectly in a water bath with cans,

#wvoid skin contact with naphthalena
and avoid inhaling its vapour. Stop
heating when it has melted and do
not remove the tharmaometer from the
liquid or the solid.

ACTIVITY 2

¥ PRACTICAL: INVESTIGATE TEMPERATURE DURING A
CHANGE OF STATE

The following two experiments show situations where this is not the case.
a

100G

solid naphihalens tirme
heated indiractly in
a baaker of water

#

et

A Figure 19.5 a Healing water; b Haating solid naphthalens
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Figure 19.6 Robert Boyle (1627=1691) was
an &nglo-Irish chemist and philosopher.

Az well as discovering the law that bears
115 narme, he worked with Robert Hooke at
Oxford developing the air pump.

SOLIDS, LIQUIDS AND GASES

Figure 19.5 shows two experiments involving a change of state. In
Figure 19.5a water is being heated continuously. The water temperature
rises until the water starts to boil and then remains constant until all

the water has been turned from liquid to gas. The energy supplied is
doing work separating the water molacules. In Figure 19.5b naphthalensa
{used to make moth balls), which has a melting point of 80°C, is being
heated continuously in a beaker of water. The temperature of the solid
naphthalena rises until it starts to melt. Until all the naphthalene has
melted, its temperature remains constant, The tempearature will start to
rise again when all the naphthalene is in the liquid state.

The thermal energy supplied is usad to overcome the forces between the
molecules of the liquid in the case of water and between the molecules of the
solid in the case of naphthalene. If we allow the naphthalene to cool down, its
temperature will drop until the naphthalens starts to turn back into a solid and
will not start to fall again until all the liquid has tumed back to solid. During
any change of state, melting or freezing (solidifying), bailing or condensing
(turning back from gas to liquid), the temperature remains constant.

END OF PHYSICS ONLY

THE GAS LAWS

We ara now going to focus our attention on the properties of gases. We shall
explain the different properties in terms of the movement of particles.

We have already said that gases are made up of molecules that are moving.
We beligve that the particles in gases are spread out and constantly moving in
a random, haphazard way.

When the molecules hit the walls of a container they exert a force. The
combined effect of the huge number of collisions results in the pressure that is
exerted on the walls of the container.

The scientist Hobert Boyle (Figure 19.8) discovered something that you have
probably noticed if you have ever used a bicycle pump: air is squashy! He
noticed that you can squeeze air in a cylinder and that it springs back to its
original volurme when you release it. You can try this for vourself with a plastic
syringe (Figure 18.7).

thumb trapgping air in a syringe

— —H—

fir Cormprissed as the plunger is
pushed into the syringe

T

when released the plunger springs
back to s criginal position

Flgure 19.7 Air is squashy!

187
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A Figure 19.8 A modemn version of Boyles
experiment to see how the volume of a gas
depends on the pressure exerted on it.

A

Eye protection is needed in case any
tubing leaks or detaches, which will
cause gas under high pressure to be
ejected,

HINT

You can do all your working in kPa if
you wish, rather than converting the
pressura to pascals, You can also usa
cubic centimetres for volume if these
units are given in the question. It does
nat matter which units you use, as long
as you use the same ones throughout
the gquesticn.

SOLIDS, LIQUIDS AND GASES

Boyle devised an experiment to see how the velume occupied by a gas
depends on the pressure exerted on it, Pressure is the force acting per unit
area. This is measured in N/m?. One N/m? is called a pascal (Pa). A version of
Boyle's experiment is shown in Figure 19.8.

Boyle took care to make sure that the trapped gas he was studying stayed at
the same temperature. He increased the pressure on the gas and made a note
of the new volume. His results looked like the graph shown in Figure 19.9a.

a b ;

pressunaPa
pressura/Pa

volume/crm’ /per cm?

VERTE

A Figure 19.9 a Graph to show how the pressure of a gas at constant temparature varies with the

wolume; b Graph of pressure against it
volume

Boyle noticed that when he doubled the pressure, the volume of the gas

halved. If we plot pressune (o), against m- [%,}, as in Figure 19.8b, we cin

sea from the straight line passing through the origin that p is proportional to v
This discowvery, called Boyle's law, is expressed in the equation:
PV =p.V,

This means that if you take a fixed mass of gas that has a pressure p, and a
volume V, and change either the pressure or the volume, the new pressure o,
rmultiplied by the new volume V. will be the same as gy = I, if the temperature
of the gas remains the same.

EXAMPLE 4

Atmospheric pressure is 100 kPa (100000 Pa). Some air in a sealed
container has a volume of 2 m® at atmospheric pressure. What would be
the pressure of the air if you reduced its volume to 0.2 m®?

First write down what we know:

gy = 100 kPa
Vi=2m?
Vo=0.2 m?
o4V = psVs
p; x 0.2 m?* = 100 kPa x 2m?
o 100 kPa = 2m?
; 0.2m?
= 1000 kPa
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PrassEUng gau
themmometer s

Irapfadalr i \

/
O

water bath, with
heatar to vary
temperature

A Figure 19.10 Simple apparatus to measure
the pressure of a fixed volume of gas ala
range of temperatures
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Gases can be compressed because the gas molecules are very spread out,
When a gas is squashed into a smaller container it presses on the walls of the
container with a greater pressure. This is explained in terms of particle theory
as follows.,

If the gas is kept at the same temperature, the average speed of the particles
stays the same. (Remember that temperature is an indication of the kinetic
energy of the particles.) If the same number of particles is squeezed into a
smaller volume, they will hit the container walls more often. Each particle
exearts a tiny force on the wall with which it collides. More collisions per second
means a greater average force on the wall and, therefore, a greater pressure,

ABSOLUTE ZERO

Boyle took care to conduct his experiment at constant temperature, He was
aware that temperature also had an effect on the pressure of a gas. Figure 19,10

shows an experiment to investigate how the pressure of a gas depends on its

termperature,
£
&

] 20 a0 ] 80

temperature, 8.°C
A Figure 19.11 Graph fo show how the pressure of a fixed volume of gas varies with kemperature

The gas is kept at constant volume, and its pressure is measured at a range
of temperatures. The graph in Figure 19.11 shows typical results for this
experiment.

The graph shows that the pressure of the gas increases as the temperature
increases. We could also say that the gas pressure gets smaller as the gas is
cooled.

What happens if we keep cooling the gas? The graph in Figure 19.12 shows this.
pressune, o

//

-273°C RS
S0 200 ~100 0 +100
lemperature, 870

A Figura 19,12 AL a temperature of ~273 °C, the pressure of the gas would be zero. This temperaiure
Iz known as “absolute zeno’
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As we cool the gas, the pressure keeps decreasing. The pressure of the gas
cannot become less than zero. This suggests that there is a temperature below
which it is not possible to cool the gas further. This temperature is called
absolute zero. Experiments show that absoclute zero is approximately -273°C.

The Kelvin temperature scale starts from absolute zero. The Kelvin temperature
of a gas is proportional to the average kinetic energy of its molecules.

To convert a temperature on the Celsius scale (in °C) to a Kelvin scale
temperature (in K), add 273 to the Celsius scale temperature:

B temperature in K = temperature in °C + 273
B temperature in °C = temperature in K = 273

EXAMPLE 5

a At what temperature does water freeze, in Kelvin?
Water freezes at 0 °C. To convert 0°C to Kelvin:
T=(0°C+273) K
=273 K
b What is room temperatura, in Kelvin?
Typical room tempearature is 20°C, so:
T=(20°C + 2731 K
=243 K
¢ What temperature is 400 K on the Celsius scale?
8= (400 K -273)°C
=127

If we redraw the graph of pressure against temperature using the absolute or
Kelvin temperature scale, we get a graph that is a straight line passing through
the origin, as shown in Figure 19.13. This shows that the pressure of the gas
is proportional to its Kelvin temperature. For example, if you heat a gas from
200 K (=73 °C) to 400 K (127 °C), its pressure will double.

E

prassune, g

0 +100 +200 +300 +400

TR absalte temparature, T, Kb
i 1 of sure against absolute temperature for a fixed amount of gas at constant
We often use the symbal 8 for A Figure 19,13 Graph of pressure agal perature for gas at co

temperature in *C. For temperature A

in K we always use the symbol For a fixed mass of gas at a constant volume:
T. Remember to convert Celsius

temperatures to Kelvin when using gas By _P:

law equations in which temperatune Ty Ta

change occurs. NB T must be measured in Kelvin.
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Cooling things further becomes more
and more difficult as they get closer
to 0 K. Scientists have managed

to cool gases down to within a few
thousandths of a degree above
absolute zero. At this temperature,
avan gases like helium and hydrogen
can be liquefied. The gas laws do
not apply once a gas is either cooled
or compressed (forced into a small
volume) to the point that they become
ligquid,

SOLIDS, LIDUIDS AND GASES

EXAMPLE &

You take an empty tin and put the lid an tightly. You heat it using a Bunsen

burmer until the temperature of the air inside is 50°C, What is the pressure

of tha air inside the tin? The temperature of the room is 20°C.

First write down what you know:

Py = 100 kPa (this is atmospheric pressure)

The starting temperature is 20°C, but we must change this to Kelvin, so:
Ty =20+273K=293 K.

The end temperature, 50°C, must also be converted so:

T;=50+273K=323K
B ke
Ty T3

Pa=p J{TE
4 1 T]

- 323 K
—1DﬂkPax293H

=110 kPa

The relationship can be explained as follows.

The number of gas particles and the space, or volume, they accupy remain
constant. Whean we heat the gas the particles continue to move randomly, but
with a higher average speed. This means that their collisions with the walls of
the container are harder and happen more often. This results in the average
pressure exerted by the particles increasing.

When we cool a gas the Kinetic energy of its particles decreases. The lower
the temperatura of a gas the less kinetic energy its particles have - they move
more slowly. At absolute zero the particles have no thermal or mavemeant
enargy, 5o they cannot exert a pressure,

CHAPTER QUESTIONS

m INTERFRETATION i I)
CRIMCAL THINKING 'D

More guestions on solids, liquids and gases can be found at the end of Unit 5
on page 193.

PHYSICS ONLY

1 a Draw up a table to summarise the way that particles are arranged in
solids, liquids and gases.
b How do these different arrangements of particles explain the physical
properties of solids, liquids and gases?

2 Copy and complete the following paragraph about the particle theory of
matter.
Matter is made up of that are in continuous . When we
supply heat energy to matter the move . Gases exert a
pressure on their containers because the are continually with
the walls. The pressure will when the gas is heated in a container of
fixed volume because the are moving

END OF PHYSIGS ONLY
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LA CATTICAL THINKING

LA N PROSLEM SOLVING

SKILLS JEUTIREE

LA I PROBLEM SOLVING

m REASONING
m PROBLEM SOLVING

REASONING

D
3

2

0

3 Explain how ideas about particles can account for the absolute zero of

temperature.

4 a Convert the following Celsius temperaturas to Kelvin temperatures.

i 0°C
i 100°C
iii 20°C

b Corvert the following Kelvin temperatures to Celsius temperatures,

i 250 K
il 269 K
il 305 K

5 State what happens in the situations shown in the diagram. Explain your
answers using ideas about particles.

1,
L

Somea alr, trapped in a cylinder
by a low friction piston,
i haated.

A amall beaksr with some air

| into a langer beaker of water,

b 2
T E— Y | J trapped inside it is pushed down
\
| trappad air

-
Arigid container with a cork

]

topping its opening is heatad.

Lh_"““-tranpad air

PHYSICS ONLY

1

hesat

6 a A fixed amount of gas occupies a volume of 500 m® when under a
pressure of 100 kPa. Galculate the volume that this amount of gas will
occupy when its pressure is increased to 125 kPa. You should show each
stage of your calculation,

b What do you need to assume about the temperature of the gas? Explain

YOUr answer.

7 a You put the lid on a jar in a kitchen where the air temperature is 20°C.
The jar gets left out in the winter, and the air temperature drops to -5°C.
Explain what happens to the air pressure in the cold jar.

b Explain why it might be more difficult to remove the lid of the jar when it

is cold.

END OF PHYSICS ONLY

R

k
|

|




SOLIDS, LIQUIDS AND GASES UNIT QUESTIONS 193

UNIT QUESTIONS

m PROBLEM SOLVING .1) a A rectangular block of metal of density 8000 kg/m? measures 2 em by 3 cm
by 10 em. What is the mass of the block?

A 48 g

B 0.48 kg

C 4.8 kg

D 48 kg (1)
b Which of the following will exert the greatest pressure when standing on the

ground?

A an elephant: welght 50000 N, area of one foot 0.2 m?#

B atmospheric pressure: 10° Pa

C ballerina; weight 450 N, on one point, area 0.0015 m?®

D man: weight 800 N, area of one foot 0.025 m? (1)

m CRITICAL THINKING s) ¢ Which of the following descriptions most accurately describes a gas?
A very low density, easily compressad, cannot flow
B high density, cannot be compressed, definite shape
C very low density, easily compressed, expands to fill available space
D high density, difficult to comprass, can flow (1)

d The specific heat capacity of a liguid is
A the amount of heat energy required to make 1 kilogram of the liquid boil
B the amount of heat energy required to raise the temperature of 1 Kilogram
of the liguid by 1°F
C the amount of heat energy required to raise the temperature of 1 kilogram
of the liquid by 1°C
D the amount of heat energy required to raise the temperature of 1000 cm?
of the liquid by 1°C (1)
e Boyle's law states that
A if you double the pressure on a gas its volume doubles
B if you double the pressure on a gas its temperature halves

C if you double the pressure on a gas its volume doubles provided its
temperature is constant
D if you double the pressure on a gas its volume halves provided its
temperature is constant (1)
(Total for Question 1 = 5 marks)

m INTERPRETATI(N .T) B Look at the diagram below showing a small gas bubble in a glass of fizzy drink,
like: cola.

a Copy the diagram and use eight arrows to shows how the pressure of the
liquid acts on the gas bubble. (2)
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L {TE- i REASTNING .7) b Describe what happens to the bubble as it floats up towards the top of the
drink and explain the reason for your answer (assume that the amount
of gas in the bubble does not change as the bubble rises up through the
cola). (3)
(Total for Question 2 = 5 marks)

m EXECUTIVE FUNCTION B The diagram shows part of the apparatus used by a student to find the density

of a stone.
thin nylon
fine /sl:-un&
overfiow spout
= L\ ~ Lp/_/_-
water
beaker ™
% a | What s the student measuring? (1)
Y il What other piece of apparatus iz required to complete the
measurament? (1)
iii What precautions should the student take to ensure that the
measurement is accurate? (1)
L TR Bl CRITICAL THIMKING !3 b | State the equation that the student needs to calculate the density
: of the stone. (1)
EXECUTIVE FUNCTION ii What other measurement must be made? State the name of the
apparatus needed to make this measurameant. (1)

(Total for Question 3 = 5 marks)

PROBLEM SOLVING D n The diagram shows a simple mercury barometer made by filling a strong
glass tube with mercury and tumning it upside down (with the open end of the
tube closed) in a dish of mercury and then opening the end below the level
of mercury in the dish. Mercury runs out of the tube until the pressure of the
mercury at X is equal to the pressure of the air acting on the surface of the
mercury in the dish.

£y
a— VacLum

UK

The height, b, of mercury in the tube is a measure of air (atmospheric)
pressura. A typical value for fris 76 cm.

The density of mercury is 13600 kg/m3. Use this value to calculate the
atmospheric pressure in Pa (pascals). (3)
(Total for Question 4 = 3 marks)
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INTERPRETATION s" B

s J

m REASONING .1')

UNIT QUESTIONS

A beaker filled with water initially at 20°C is cooled in a freezer until its
temperature drops to -20°C (the temperature inside the freezer). The
temperature in the beaker is measured with a digital thermometer and
recorded at regular intervals until it reaches -20°C.

digital thermometer

05 C

temperature~C
e | e e e el ot

- -

o e T e s
freazer

a Copy the graph axes shown and sketch how the temperature of the
contents of the beaker changes with time from its starting temperature of

+20°C until it reaches -20°C, (5)
b Referring to your sketch graph explain what happens to the water as it is
cooled from 20°C to —20°C. (5}

(Total for Question 5 = 10 marks)

An electric kettle rated at 2.5 kW of mass 0.5 kg contains 1.5 kg of water at
20 °C. The kettie is turned on and the kettle and its contents are heated to
100%C.

The s.h.c. (specific heat capacity) of the metal the kettle is made of is
500 J/kg *C and the s.h.c. of water is 4200 J/kg *C.

a Calculate the total amount of heat energy needed. (5)
b How long must the kettle be switched on for to heat the kettle and water to
100°C? Give your answer in minutes to two significant figures. (4)

¢ In practice it will take longer than this to boil the water in the kettle.
Explain why. (1)

HINT

You may need to refer to Chapter 2 to find the relationship between elactrical power,
energy and time,

(Total for Question 6 = 10 marks)
END OF PHYSICS ONLY
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20 MAGNETISM AND ELECTROMAGNETISM

There are two types of magnets that we use in our everyday lives, These are permanent magnets and electromagnets.
- A permanent magnet has a magnetic field around it all the time. The strength and direction of this field is not easy to

change. An electromagnet when turned on also has a magnetic field around it but its strength and direction can be
changed very easily. In this chapter you will leam about the factors affecting the magnetic field around an electromagnet
and how electromagnets are used in several important devices.

- i —

A Figure 20.1 Electromagnels can be used to lift iron or steel objects.

The huge electromagnet in Figure 20.1 is being used in a scrapyard to pick up large objects that contain iron or steel.
When the objects have been moved to their new position the electromagnet is turmed off and the objects fall.

LEARNING OBJECTIVES

Know that magnets repel and attract other magnets Describe how to use two permanent magnets to
and attract magnetic substances produce a uniform magnetic field pattern

Describe the properties of magnetically hard and soft Know that an electric current in a conductor produces
materials a magnetic field around it

Practical: investigate the magnetic field pattern for a PHYSICS ONLY
permanent bar magnet and between two bar magnets Describe the construction of electromagnets
Understand the term magnetic field line Briw I'. ﬂllltl pattems for a stta-lnﬁt e

Know that magnetism is induced in some materials a'lht-'p}mu'lgf coil and a solenoid when each is
when they are placed in a magnetic field _carrying a current

MAGNETISM AND MAGNETIC MATERIALS
In this section you will nead to usa

ampere (A) as the unit of current, volt Magnets are able to attract objects made from magnetic materials such as iron,
V] as the unit of voltage and watt (W) stesl, nickel and cobalt. Magnets cannot attract objects made from materials such
as the unit of power. as plastic, wood, paper or rubber, These are non-magnetic materials.
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plastic pen lids @m

==

e of
rubber bands iiﬁq:%%};?r_jpjmm paper

@ e

plastic buttons

A Figure 20.2 Magnets attract some objects and not others.

EXTENSION WORK

Ancient travellers would construct a
basic compass by placing a splinter
{thin piece) of magnetised rock called
lodestone onto a piece of wood floating
in water. The splinter would tum to
paint in the direction of north=-south.
The end pointing towards the north
was called the north pole.

MAGNETS

The strongest partz of a magnet are called itz poles. Most magnets have two
poles, These are called the north pole and the south pole,

If two similar poles are placed near to each other they repel, If twa dissimilar
lopposite) poles are placed near to each other they attract,

I
repel - the
suspended magnet
swings away from
tha ey opposite poles \
magnat attract - the suspended
magnet swings lowards
the lower magnet

A Figure 20.3 Similar pales repel and opposita pales atiract,

Permanent magnets like the bar magnets shown in Figure 20,3 are made from
a magnetically hard material such as steel, A magnetically hard material Keaps
its magnetism once it has been magnetised. Iron is a magnetically soft matarial
and is not suitable for a permanent magnet. Magnetically soft materials lose
their magnetism easily and are therefore useful as temporary magneats,

N1/
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MAGNETIC FIELDS

Around every magnet there is a volume of space where we can detect
magnetism. This volume of space is called a magnetic field. Normally a
magnetic field cannot be seen but we can use iron filings or plotting compasses
to show its shape and discover something about its strength and direction.

ACTIVITY 1

¥ PRACTICAL: INVESTIGATE THE MAGNETIC FIELD PATTERNS OF BAR MAGNETS

1 Place a bar magnet between two books and place a sheet of paper or thin card over it.
2 Sprinkle some iron filings on the paper above the magnet. |

4 Tap the paper very gently. Bwoid =kin contact with iron flings,

4 The iron filings will move to show the magnetic field pattern. since they irritate the skin. Do not blow
them off the paper, because thay may

OR get into the eyes, which is very painful.

1 Place a bar magnet on a piece of paper.

2 Place a large number of small compasses on the paper near the magnet.

3 Look carefully at the pattern shown by the needles of the compasses.

Repeat the same experiment using two bar magnets, placing them about 5 cm apart.

if you make a pencil
dot at the end of the
needle in each position
of the compass, you
can plot the field line

-I.|"I
T,

=
- .
4 --'-:.'.hhn'-ﬂ""q"r?

A b
A Figure 20.4 We ¢an see tha shape of the magnetic field arcund a magnat by using iron filings or plotting compasses.

strong magnetic We draw magnetic fields like that in Figure 20.5 using magnetic field lines.
field - fiald Enes Magnetic field lines don't really exist but they help us to visualise the main
are close together  faatures of a magnetic field.

B show the shape of the magnetic field
¥ show the direction of the magnetic force - the field lines ‘travel’ from north

to south
s “;;g“lf”“ ® show the strength of the magnetic field - the field lines are closest together
58 el apiond where the magnetic field is strongest,

A Figure 20.5 The magnetic field around a
bar magnet follows a pattern like this,



T

OVERLAPPING MAGNETIC FIELDS

If two magnets are placed near each other, their magnetic fields overlap
and affect each other. We can investigate this using iron filings or plotting
compasses. Figure 20.6 shows the different field patterns we would see.

b

Sl

._._J’L.._ﬂ/\»-.__
%ﬁf‘;—

=)

g(((

200 MAGNETISM AND ELECTROMAGNETISM  MAGNETISM AND ELECTROMAGNETISM

EXTENSION WORK

Paint X in Figure 20,6 is called a
neutral point. It is & position where the ( m }
effects of the two magnatic fields have

cancelled aach other out, meaning
that there i ttant edi

BER 5 N0 resu magnetic ) ) ({)
N

field here, Can you find any other

e
PV
AS/AN ﬁm

A Figure 20,6 Magnetic fiekds around pairs of magnets

|

\w\

\//;3\1/

~\
q/
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CREATING A UNIFORM MAGNETIC FIELD

If we look very carefully at the magnetic field created between the north pole of
one magnet and the south pole of a different magnet we will see that the field
is shown as a series of straight field lines that are evenly spaced. A field like
this is described as a uniform magnetic field - that is, its strength and direction
is the same everywhere, Creating & uniform field like this is extrermely useful as
we will see later in this chapter and in the next chapter.

-2 } ‘ N — s u-shaped
e a parmanaant
g N . S 5 | magnets can be
O ——T1 . l.mh'wm_ ussad to craate
magnatic A uniform
!f fialdd magnetic figld
uriiform fiald |
brestiiiein The
poles of the

magnets
A Figure 20.7 Two examples of uniform magnetic fields
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INDUCED MAGNETISM

If we place an object made from a magnetic material, for example, an iron nail,
inside a magnetic field it becomes a magnet. Wa say that magnetism has been
induced in the nail. Because iron is a magnetically soft material, its induced
magnetism is temporary and disappears if the permanent magnet is removed.
If the nail is made from a magnetically hard material such as steel it will retain
some of its magnetism after the magnet is removed,

=T 78] L 1R

Insiche the magnet’s
magneatic field

become magnetised, induced magnetism ja
They behave like disappears.

mini-magnats and b ;,H\
stick togather,

A Figure 208 [ntroducing magnetism in ron nalls

PHYSICS ONLY

ELECTROMAGNETISM

When there is a current in a wire a magnetic field is created around it. This is
called electromagnetism. The field around the wire is quite weak and circular in

shape.

The shape and directicn of
battery the magnetic field around a
1 "II current-carrying wire can be
; seen using iron fillings and

plotting compassaes.
Changing the direction of the
current, changes the direction
of the magnetic field.

EXTENSION WORK

| The direction of the magnetic fisld
depends upon the direction of the
current. It can be found using the right-
hand grip rule (for fields).

With the thumb of your right hand polnting in
the direction of the curment, your fingears
will curl in the direction of the fisld.

& Figure 20.10 You can work out the direction of the fiald using the right-hand grip rule (for fields)
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If the wire is made into a flat, single-turn coil (circular wire), the magnetic field
around the wire changes shape and is as shown in Figure 20.11.

/

\ flat coil of wine

A Figure 20.11 The magnetic field around & flat coil

The strength of the magnetic field around a current-carrying wire can be
increased by,

1 increasing the cument in the wire
2 wrapping the wire into a coil or selenoid (a sclenoid is a long coil).

|

EXTENSION WORK

Wou will not be asked guestions about
this turt it is included in more advanced

7l

Physics courses.

The positions of the poles for a 4 Flgure 20.12 The field around a solenaid looks like this.

fiarel ;I:pﬂh;;f ;;F“Lflng bl The shape of the magnetic field around a solencid is the same as that around
If the direction of the cument in the a bar magnet.

saolencid is reversed, so too are the
positions of the poles.

A Figure 20,13 You can work out the polarity of the solencid by imagining that your right hand is
wrapped argund it Your fingers paint in the direction of the current and your thumb points to the
north pole of the solenold. This is the right-hand grig rule (for pobes).
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The strength of the field around a solencid can be increased by:

1 increasing the current in the solenoid

2 increasing the number of turns on the solenoid

3 wrapping the sclencid around a magnetically soft core such as iron.

This combination of soft iron core and solenoid is often referred to as an
electromagnet.

larger currant = stronger field

solencid wrapped around
iron cone = stronges field

A Figure 20.14 Altering the strength of the field arownd an electromagnet

END OF PHYSICS ONLY

It is not necessany to memorise how an alectric bell or a circuit breaker works but
understanding how they waork might help reinforce some of the basic principles of
magnets and electromaagnets you will need in your exams.

The electric bell

Whien the bell push iz pressed the circuit is complete and there is cument in the circuit,
As a result the soft iron core of the electromagnet becomes magnetised and attracis
the piece of iron that is attached to the hammer (this is called the armatura), When

the armature is pulled down, the hammer strikes the bell, At the same time a gap is
created at the contact screw. The circuit is now incomplete and the current stops.
The electramagnet is now turned off so the springy metal strip pulls the armature up
to its orginal position.

The circuit is again complete and the whole process begins again.

leciromagnet

L. +

A Figure 20.15 An electric bell relies upon an electromagnet.
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Circuit breaker

Circuit breakers also use electromagnets. The circuit breaker in Figure 20.16 uses
electromagnetism to cut off the cumant if it becomes larger than a certain value. If the
currant is too high the electromagnet becomes strong encugh to pull the ron catch out
of position so that the contacts open and the circuit breaks, Once the problem in the
circuit has been comected the catch is repositioned by pressing the reset button.

CHAPTER QUESTIONS
%

1 A RS CRITICAL THINKING

INTERPRETATION,

b AW CHITICAL THINKING
L AW INTERPRETATION

resat button reset buiton
fron catch
it
= T T — }“ o
g 1
ocontacts contacts

A Figure 20,16 & The circuit breaker albows a normal sized current. b When there is loo lafge a

current the circuit becomes incompiete.

i |

& Figure 20,17 These circuit breakers control the supply of electricity to different circuits in a

buikding. The cirguit breaker will “trip’ if there is something wrong with the circuit and the
current s too gh.

Maore questions on electromagnetism can be found at the end of Unit 6 on

page 217.
1 Which of these objects are made from magnetic materials?
2 copper pipe e iron bar
b plastic paperclip § rubber tyre
o stesl nail o nickel coins
d glass bottle
2 Draw a diagram of two bar magnets placed so that two of their poles are

a repelling, and b attracting. Explain why you have drawn the magnets in
these positions.

a What three features of a magnetic field do field lines show?
b What is a uniform magnetic field?
¢ Draw a diagram of a uniform field between twa bar magnets.

w
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INTERPRETATION ] 3 4 a Draw a diagram to show the shape of the magnetic field around a
solenoid.

REASOMING b How does your diagram show where the magnetic field is strong or
weak?

¢ Explain what happens to the magnetic field if the direction of the current
through the solencid is reversed.

5 In 1819 a scientist named Hans Christian Cersted was using a cell to
produce a current in a wire. Close to the wire there was a compass. When
there was a current in the wire, Oersted noticed - much to his surprise — that
the compass needle moved.

a Why did the compass needle move?
&9 b When there is a current in a horizontal wire, the needla of a compass
placed beneath the wire comes to rest at right angles to the wire, pointing

from left to right. In which direction will the compass needle point if it is
held above the wire? Explain your answer.

o Would your answer to part b sfill be correct if the direction of the current
in the wire was changed? Explain your answer.

3 & The diagram below shows a simple electromagnet.

T g

@ Explain why the core (centra) of an electromagnet is made of soft iron
and not steel.

b Suggest two ways in which the strength of this electromagnet could be
increased.

205
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21 ELECTRIC MOTORS AND ELECTROMAGNETIC INDUCTION

Trains in many cities use electric motors to transport millions of people to and from work each day. In the first part of this
chapter, we are going to look at how an electric motor works. An electric motor creates motion from an electric current.
Generators and alternators, on the other hand, transfer movement or kinetic energy into electrical energy by a process
called alummamaﬂ:: induction. The second part of this chapter is going to look at this process.

o

A Figure 21.1 Electric train in Banghok (this Skytrain)

LEARNING OBJECTIVES

PHYSICS ONLY PHYSICS ONLY

Know that there is a force on a charged particle
when it moves in a magnetic field as long as its
mation is nat parallel to the field

Understand why a force is exerted on a current-
carrying wire in a magnetic field, and how this effect is
applied in simple d.c. electric motors and loudspeakers

Use the left-hand rule to predict the direction of
the resulting force when a wire carries a current
perpendicular to a magnetic field

Describe how the force on a current-camymng
conductor in & magnetic field changes with the
magnitude and direction of the field and current

Know that a voltage is induced in a conductor or a
coil when it moves through a magnetic field or when
a magnetic field changes through it and describe the
factors that affect the size of the induced voltage

Describe the generation of electricity by the rotation
of a magnet within a coil of wire and of a coil of wire
within a magnetic field, and describe the factors that
affect the size of the induced voltage

Describe the structure of a transformer, and
understand that a transformer changes the size of
an alternating voltage by having different numbers
of turns on the input and output sides

Explain the use of step-up and step-down
transformers in the large-scale generation and
transmission of electrical energy

Know and use the relationship between input
{(primary) and output (secondary) voltages and the
turns ratio for a transformer:
input (primary) voltage _ primary turns
output (secondary) voltage  secondary turns

Know and use the relationship:
input power = output power

hoky= Wik
for 100% efficiency
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MOVEMENT FROM ELECTRICITY

When a charged particle moves through a magnetic field it experiences a
force, as long as its motion is not parallel to the field. We can demonstrate
this effect by passing electrons (that is, an alectric current) along a wire that is
placed in a magnetic field as shown in Figure 21.2. When the switch is closed
and electrons flow, the wire will try to move upwards.

e —

wirg moves upwards

A Flgure 21.2 The wire moves whers there 15 a cument in it
We can explain this motion by looking at what happens when the switch is
closed and the two magnetic fields overlap,

The two diagrams in Figure 21.3 show the shapes and directions of the
magnetic fields a across the poles of the magnet, and b around the current-
carrying wire before they overlap.

a - b

-

= cylindrical fisld due to current
uniform field of magnet i wira
A Figure 21.3 a Magnet's uniform magnetic field b Magnetic fiebd around a current carrying wine

If the wire is placed betweesn the poles of the magnet, the two fields overlap.
wira maovas in this direction

"
wﬁ@}m
v

resultant fiald due to cverlapping
A Figura 21.4 The new magnetic field created by overtapping

In cartain places, for example, below the wire, the fields are in the same
direction and so reinforce each other, A strong magnetic field is produced
herz. In other places, for example, above the wire, the fields are in opposite
directions. A weaker field is produced here. Because the fields are of different
strengths the wire ‘fesls’ a force, pushing it from the stronger part of the field
to the weaker part - that is, in this case, upwards, The overlapping of the two
magnetic fields has produced motion. This is called the motor effect.
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A stronger force will be produced if the magnetic field is stronger or if the
current is increased.

m If we change the direction of the current or the magnet's field, a different
overlapping pattern is created and we will see the wire move in the opposite

We can predict the direction of the i
force ar mavement of the wire using direction.
Flaming's lefi-hand rule. h
motion
thamb gives direction
of moticn or force

first finger gives direction
of field (M to 5)

A Figure 21.5 Fleming's left-hand rule helps you to work oul the direction of the force.

THE MOVING-COIL LOUDSPEAKER The moving-coil loudspeaker uses the motor effect to transfer electrical energy

to sound eneargy.

B Electric cumrents from a source, such as a radio, pass through the coils of a
speaker.

B These currents, which represent sounds, are always changing in size and
direction, like vibrating sound waves.

B The fields of the coil and the permanent magnet are tharefore creating
magnetic field patterns which are also always changing in strength and
direction.

B These fields in turn apply rapidly changing forces to the wires of the coil,
which cause the speaker cone to vibrate.

B These vibrations create the sound waves we hear,
non=magnelic case

vitarating paper cone

permanent magnat
i Figure 21.8 A loudspeaker transfers electrical enengy to sound enargy.
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THE ELECTRIC MOTOR

a soft iron core
& Figure 21.8 A real electric motor

The electric motor is one of the most important uses of the motor effect.
Figure 21.7 shows the most important features of a simple d.c. electric motor.

rotation
L. l.m 4,
kg et
I
N |7 S

Split-ring

commastator,
carbon brushes:

] >

A Fgure 21.7 A simple sleciric motor

When thara is current in the loop of wire, one side of it will experience a force
pushing it upwards. Tha ather side will feel a force pushing it downwards, so
tha loop will begin to rotate (turn).

Ag the loop reaches the vertical position, its momentum takes it past the
vartical, If the rotation is to continue the forces on the wires must now be
raversad so that the wire at the top is now pushed down and the bottom one is
pushed up.

This can be done easily by using a split ring to connect the loop of wire to

the electrical supply. Mow each time the loop of wire passes the vertical
position, the connections change, the direction of the current changes, and the
forces on the different sides of the loop change direction. The loop will rotate
continuoLshy.

To increase the rate at which the motor tums we can:

1 increase the number of turms or loops of wire, making a coil
2 increase the strength of the magnetic field

3 increase the current in the loop of wire,

EXTENSION WORK

Although you will not be asked this in your exam it is interesting to know how

commercial motars like the one used in this electric drill differ from the simple motor

described in Figure 21.7.

B The permanent magnets are replaced with curved electromagnets capable of
praducing very strong magnetic fields,

B The single loop of wire is replaced with several colls of wire wrapped on the same
axis. This makes the motor more powerful and allows it to run more smoothby.

B The coils are wrapped on a soft iron cora that has been covered by a thin layer of
plastic. Thiz makes the motor more efficlent and more powerul,
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ELECTROMAGNETIC INDUCTION

Maotors use electricity to produce movement. Generators and alternators are
machines that use motion to produce electricity. They use a process called
electromagnetic induction.

'-"' '_ i

A Figure 21.9 Transportable generators are used fo produce electricity for the lights and machinery
used on roadworks,

The workers shown in Figure 21.9 need electricity for their machines and their
lights. Instead of connecting into the mains supply, as we do at home, the workers
have their own generator, which produces the electrical energy they need. In fact,
the mains supply itself is produced by large generators in power stations. In this
next saction, you will discover how a generator produces electricity.

DEMONSTRATING ELECTROMAGNETIC INDUCTION

If we move a wire across a magnetic field at right angles, as shown in
Figure 21.10, a voltage is induced or generated in the wire. If the wire is part
of a complete circuit, there is a current. This event is called electromagnetic
induction.

‘ movement of wine

induced
currant

A Flgure 21.10 When a wire moves across a magnedic field a voltage s generated in the wire.

The size of the induced voltage (and current) can be increased by:
1 moving the wire more quickly
2 using a stronger magnet so that there are mare field lines “cut’

3 wrapping the wire into a coil so that more pieces of wire move through the
magnetic field,
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‘ rrgton of wiviid

aoft iron
cora

mtﬂﬂng.-r-""ﬂ#

magnet

A Flgure 21.12 A dynamo is a simple
OEnErator,

We can also generate a voltage and current by pushing a magnet into a coil.
In this situation and the previous one (Figure 21.10) we can see that it is the
cutting action between the wires and the field lines that generates the voltage.
If there is no cutting (that is, the wires and magnets are stationary) no voltage
is generated.

induced
cumant

_®_J

A Figure 21.11 A magnet moving In a codl will genaerate electricity.

This experiment also shows us that the size of the induced voltage (and
current) can be increased by:

1 moving the magnet more quickly

2 using a stronger magnet

3 using a coil with more turns.

We can summarise all the discoveries from these experiments by saying:
B a voltage is induced when a conductor cuts through magnetic field lines
B avoltage is induced when magnetic field lines cut through a conductor

B the faster the lines are cut the larger the induced voltage.

EXTENSION WORK

It is intaresting to note, but not necessary for your exam, that Michael Faraday was
the first person (o obsarve how the size of an induced voltage depends upan the
rate at which the magnetic lines of flux (field lines) are being cut. He summarised his
observations in Faraday's Law of Electromagnetic Induction. This states that:
The size of the induced voltage across the ends of a wire (coll) is directly
propartional to the rate at which the magnetic lines of flux are being cut,

GENERATORS

Figure 21.12 shows a small generator or dynamo used to generate electricity
for a bicycle light.

As the cyclist pedals, the wheel rotates and makes a small magnet within the
dynama turn around. As this magnet turns, its magnetic field turns too. The
field lines cut through the coil inducing a current in it. This current can be uged
to work the cyelist's lights.

21
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Remeamber that transformers only work
if the magnetic field around the primary
coil is changing. Transformers will
therefore only work with a.c. currents
and voltages, They will not work with
d.c. cumants and voltages.

Figure 21.13 shows a much larger generator used in power stations to
generate the mains electricity we use in our homes. In these generators the
magnets are stationary and the coils rotate,

A Figurs 21.13 This generator produces electricity on an industrial scale.

The size of the induced voltage is greater than in the bicycle dynamo because
these generators a use much stronger magnets, b have many more turns of
wire on the coil, and ¢ spin the coil much faster.

PHYSICS ONLY

THE TRANSFORMER

When there is alternating current in a coil, the magnetic field around it is
continuously changing. As the size of the current in the coil increases the field
grows. As the size of the current decreases the field collapses. If a second coll
is placed near the first, this growing and collapsing magnetic field will pass
through it. As it cuts through the wires of the second coil, a voltage is induced
across that coil. The size and direction of the induced voltage changes as

the voltage applied to the first coil changes. (The first coil is more usually
called the primary coil.) An alternating voltage applied across the primary

coil therefore produces an alternating voltage across the secondary coil. This
combination of two magnetically linked coils is called a transformer.

b
-:ll-."—l
altemating soft iron code linking the two coils . --..._ altemating
input voltage, primary egil, sacandary Coil, Te— autput voltags,
v, wiith 1, tums with i, furns . v,

A Figure 21.14 The size of the voltage generated in the secondary coil of a lranzformer depends on
the woltage in the primary coil &nd the numbers of tums on each coll.

Y’
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USING TRANSFORMERS TO CHANGE VOLTAGES

A transformer changes the size of an alternating voltage by having differant
numbers of tums on the input and output sides.

The relationship between the voltages across each of the coils is described by
the equation:

input voltage, WV, number of turns on primary coil, i,
output voltage, V.~ number of turns on secondary cail, n,

Ve ng
V,
 KEY POINT A transformer has 100 turns on its primary coil and 500 turns on its
Atranafoimer thik I vgod 14 i secondary coil. If an alternating voltage of 2 V is applied across the
voltages, like the ane in Example 1, is primary, what is the voltage across the secondary coil?
called a step-up transformer. One that Ve n,
is used to decrease voltages is called a F=ﬂ_,
step-down transformer. ..E_.E 100
V. 500
_500x2V
Ve="00
=10V

ENERGY IN TRANSFORMERS

It is very important to try to make transformers as efficient as possible. To keep
any energy losses to a minimum we use thick copper wire for the coils and use
a soft iron core covered in a thin layer of plastic to connect the two coils.

If a transformer is 100% efficient then the electrical energy entering the primary
coil each second equals the electrical energy leaving the secondary coil each
secaond: Another way of saying this is:

input power, V.l = output power, V,/,
Volp = Vily

EXANIPLE 2

When a voltage of 12V a.c. is applied across the primary coil of a step-
down transformer, there is a current of 0.4 A in the primary coil. Calculate
the current in the secondary coil if the vaoltage induced across itis 2V ac.
Assume that the transformer is 100% efficient.

h"p;p=vsr5
12V 0d4A=2V=]

112V X044
SO TY]

= 2.4 A
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A Figure 21.15 A transformer

TRANSFORMERS AND NATIONAL GRIDS

Mational Grids are networks of wires and cables that carry electrical energy

from power stations to consumers such as factories and homes. Unfortunately,
currents in long wires can lose lots of energy in the form of heat. The larger the
current, the greater the amount of energy lost. If the cument in the wires is kept to
a minimum, the heat losses can be reduced. Transformers help us do this.

Transformers are used in Mational Grids so that the electricity is transmitted
(sent out) as low currents and at high voltages.

Immediately after generation, electric currents from the alternators are passed
through transformers which greatly decrease the size of the currents and
increase the size of the voltages. These step-up transformers increase the
voltage of the electricity to approximately 400 kV. High voltages like these can
be extremely dangerous so the cables are supported high above the ground
on pylons. As the cables enter towns and cities they are buried underground.
Close to where the electrical energy is needed, the supply is passed through
a step-down transformer that decreases the voltage to approximately 230 V,
while at the same time increasing the current,

A Figure 21.16 Transformers are used In National Grids.

[nomes]
LOOKING AHEAD

Higher Physics courses are likely to ask you what exactly is happening
inside a generator and what is an alternator. The simple description given
below will give you some idea of what is required.

— plvot
ool 7

e e . o+ coil

. induced
ﬁr?gs - hes © a.c. voltage

A Figure 21.17 The alternator producas alternating cument,
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As the coil rotates, its wires cut through magnetic field lines and a current
iz induced in them. If we watch just one side of the coil we see that

the wire moves up through the field and then down for each tumn of the
coil, As a result the current is induced first in one direction and then in
the opposite direction. This kind of current is called alternating current.

A generator that produces alternating current is called an alternator.

The frequeancy of an alternating current is the number of complete cycles
it makes each second. If an alternator coil rotates twice in a second,

| the frequency of the alternating current it produces is 2 Hz (2 cycles per
second). The frequency of the UK mains supply is 50 Hz.

a b
A Figure 21.18 a in a direct current (d.c) the charge Hows in one direction. b Altemating
currents (a.c.) keep changing direction,

CHAPTER QUESTIONS More questions on electric motors and electromagnetic induction can be found

at the end of Unit 6 on page 217.
m ;’g:;}‘.i',_?;.: 3 1 The diagram below shows a long wire placed between the poles of a
rmagnet,

K

Describe what happens when:

a there is current in the wire from Ato B

b the direction of the current is reversed - that is, from B to A

with the current from B to A, the poles of the magnet are reversed
there iz a larger currant in the wire.

'y

=8

Draw & simple labelled diagram of a moving-coil loudspeaker.

=]

AN INTERPRETATION 2

CAITIGAL THINKING b Explain how sound waves are made by the speaker when a signal is
passad through its coil.
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LA B CRITICAL THINKING 3 3 a Explain the difference between a step-up transformer and a step-down
transformer.
b Explain where step-up and step-down transformers are used in Mational
Grids.
¢ Explain why transformers are used in National Grids.
INTERFRETATION o Draw a fully labelled diagram of a transformer,
GRITRCAL THINKING e Explain why a transformer will not work if a d.c. voltage is applied across
_ its primary coil.
m PROBLEM SOLVING 3 i A transformer has 200 turns on its primary coll and 5000 turns on its

secondary coil. Calculate the voltage across the secondary coil when a
voltage of 2 V a.c. is applied across the primary coil.

END OF PHYSICS ONLY

m REASONING 3 4 The diagram below shows a bar magnet being pushed into a long coil.
A sensitive meter is connected across the coil.

Describe what happens to the meter when:

a the magnet is pushed into the coil quickly

b the magnet is held stationary inside the coil

o the magnet is pulled out of the coil slowly

d the magnet is held stationary and the coil is moved towards it.




UNIT QUESTIONS

m CRITICAL THINKING (3B n a Which of these objects is made from a magnetic material?

m CRITICAL THINKING
INTERPRETATION,

SH""LE CRITICAL THENEING
m CRITICAL THIHKING

.*.‘

A arubber band

B a piece of paper

C a stesi nail

D a plastic ruler (1)

b In which of these situations will you see attraction?
A The north poles of two magnets are placed close together.
B A wooden rod is placed close to a strong magnet.
C The south poles of two magnets are placed close together.

D The north pole of one magnet is placed close to the south pole of
another magnet. (1)

c Which of these statements is true for a magnetically hard material?
A They are difficult to bend.
B They are used to make permanent magnets.
C They are electrical insulators.
D They are used in electromagnets. (1)
(Total for Question 1 = 3 marks)

.?) Copy and complete the following passage, filling in the blanks.

A wire carrying an electric current experiences a when it isina

field. This effect can be used in and electric

If a wire is mowved through a magnetic field, or the magnetic field near a
of wire changes, a current can be in the wire. This effect is used in

and
(Total for Question 2 = B marks)
a Explain how a bicycle dynamo generates cument, (3)
b Why does the dynamo produce no current when the cyclist has
stopped? {1)
e What iz an alternator? (1)

d Explain using diagrams the difference between a.c. and d.c. currents.  (3)

2 Explain what is meant by this statement: ‘The mains supply in the
LK has a frequency of 50 Hz.' 2)

(Total for Question 3 = 10 marks)
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m REASOMING

LU (R PROBLEM SOLVING

CREATIVITY,
SKILLS AEASDMING

m REASONING

b
0
3

0 5

P 6

PHYSICS ONLY

The diagram below shows how the electrical energy is transmitted from a
power station to our homes.

a Why is the voltage of the supply increased before transmission? (1)
b Why is the voltage of the supply decreased before entering our homes? (1)
c A step-up transformer has 100 tums on its primary coil and 20000 turns
on its secondary coil. Calculate the output voltage of the transformer if the
input voltage is 12V a.c. 3)
d Assuming that the transformer is 100% efficient, calculate the size of the

induced current in the secondary coil if the current in the primary coil is
10 A, (3)

(Total for Question 4 = 8 marks)

END OF PHYSICS ONLY

A keen cyclist builds his own dynamo to generate electricity for his lights.
Unfortunately, when he tries it out the lights are not bright enough. Suggest
two changes he could make to his dynamo to generate more electricity. Is
there a third solution to his problem?

(Total for Question 5 = 3 marks)

The diagram below shows the circuit for an electric bell.
COMLACT Sonew

springy metal sifp

electromagnet
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a Explain in your own words why the bell will not work if the electromagnet

is replaced with a permanent magnet. (2)
b Explain why the core of the electromagnet used in an electric bell must
not be made from steel. (3)

(Total for Question 6 = 5 marks)

PHYSICS ONLY

LU EE T REASONING ..') a Explain the difference in the structure and use of a step-up transformer
and a step-down transformer, (4)

PROBLEM SOLVING @ 9) b A transformer has 2000 turns on its primary coil and 6000 turns on its
secondary coil. If an a.c, voltage of 12V is applied across the primary coil
calculate the voltage induced across the secondary coil. Assume that the
transformer is 100% efficient. (4)

(Total for Question 7 = 8 marks)

END OF PHYSICS ONLY
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UNIT 7
RADIOACTIVITY AND

PARTICLES

Henri Becquerel was a scientist whose pioneering work led to the discovery of radioactivity and set
other scientists on a path of research that continues today.
Using radioactivity has enabled us to learn about the structure of matter, to develop new sources of

energy and to understand a new force of nature: nuclear forces that bind matter together and control
the processes that fuel stars and formed all the elements that we and the Universe are made of.
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22 ATOMS AND RADIOACTIVITY

Atoms are made up of sub-atomic particles called neutrons, protons and electrons. It is the numbers of these particles
that give each element its unique properties. In this chapter you will find out how atoms can break up and become
transformed into different elements, and about the different types of radiation they give out.

LEARNING OBJECTIVES

Describe the structure of an atom in terms of protons, Investigate the penetration powers of different types
neutrons and electrons and use symbols such as 'iC to of radiation using either radioactive sources or
describe particular nuclei simulations

Know the terms atomic (proton) number, mass Describe the effects on the atomic and mass numbers
(nucleon) number and isotope of a nucleus of the emission of each of the four main
types of radiation (alpha, beta, gamma and neutron

Know that alpha narticles, beta (B-) particles, & i
pha (a) particles, beta (B-) particles, and Taillation)

gamma (y) rays are ionising radiations emitted from
unstable nuclei in & random process Understand how to balance nuclear equations in

Describe the nature of alpha (a) particles, beta (f-) terms of mass and charge

particles, and gamma (y) rays, and recall that they may
be distinguished in terms of penetrating power and
ability to ionise

ELECTRONS, PROTONS AND NEUTRONS
In thiz saction yvou will need to use

becquersl (Bg) as tha unit of activity of Atoms are made up of electrons, protons and neutrons, Figure 22.1 shows a
a radicactive source, centimeatre cm) simple model of how these particles are arranged.

as the unit of length, and minute (min)

and second () as the units of time.

neutron
alectron
net to scala
The nucheus, made up of neutrons
and pratons, isabout 10 000
times smaller than the atom itsalf.
proton
A Figure 22.1 A simple model with protons and neutrons in the necleus of the atom and elactrons in
arbits arpund the oulside

The electron is a very small particle with very little mass. It has a negative
electric charge. Electrons orbit the nucleus of the atom. The nucleus is very
small compared to the size of the atom itself. The diameter of the nucleus is
about 10000 times smaller than the diameter of the atom. If the nucleus of an
atorm were enlarged to the size of a full stop on this page, the atom would have
a diameter of around 2.5 metres,

The nucleus is made up of protons and neutrons. Protons and neutrons have
almost exactly the same mass. Protons and neutrons are nearly 2000 times
heavier than electrons. Protons carry positive electric charge but neutrons,
as the name suggests, are electrically neutral or uncharged. The amount of
charge on a proton is equal to that on an electron but opposite in sign.
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The actual mass of an electron is

8.1 = 10 kg and lts actual charge is
=1.6 = 10-"% C, The table shows the
approximate relative masses of the
particles and the relative amount of
charge they carry. The mass in atomic
mass units is discussed balow.

ATOMS AND RADIOACTIVITY 1

The properties of these three atomic particles are summarised in the table
below. Protons and neutrons are also called nucleons because they are found
in the nucleus of the atom.

Atomic parlicle

Relative mass of particle Relative charge of particle

electron
pratan 2000 #1
neutnon 2000 ]

THE ATOM

The nucleus of an atom is surrounded by electrons. We sometimes think of
electrons as orbiting the nucleus in a way similar to the plansts orbiting the
Sun. It is more accurate to think of the electrons as moving rapidly around the
nucleus in a cloud or shell,

An atom is electrically neutral, This is because the number of positive charges
carried by the protons in its nucleus is balanced by the number of negative
charges on the electrons in the electron ‘cloud’ around the nucleus.

ATOMIC NUMBER, Z

The chemical behaviour and properties of a particular element depend upon
how the atoms combine with other atoms. This is determined by the number of
electrons in the atom. Although atoms may gain or lose electrons, sometimes
quite easily, the number of protons in atoms of a particular element is always
the same. The atomic number of an element tells us how many protons each
of its atoms contains. For example, carbon has six protons in its nucleus -

the atomic number of carbon is, therefore, 6. The symbol we use for atomic
number is Z. Each element has its own unigue atomic number. The atomic
number is sometimes called the proton number,

ATOMIC MASS, A

The total number of protons and neutrons in the nucleus of an atom determines
its atomic mass. The mass of the electrons that make up an atom is tiny and
can usually be ignored. The mass of a proton is approximately 1.7 x 10-*" kg.
To save writing this down we usually refer to the mass of an atom by its mass
number or nucleon number. This number is the total number of protons and
neutrons in the atom. The mass number of an element is given the symbol A,

ATOMIC NOTATION - THE RECIPE
FOR AN ATOM

Each particular type of atomn will have its own atomic number, which identifies
the element, and a mass number that depends on the total number of
nuclecns, or particles, in the nucleus. Figure 22.2 shows the way we represant
an atom of an element whose chemical symbol is X, showing the atomic
number and the mass nurmber,

So, using this notation, an atom of oxygen is represented by:

?EG
Tha chemical symbol for oxygen is O. The atomic number is & - this tells us
that the nucleus contains eight protons. The mass number is 16, so there are
16 nuclecns {protons and neutrons) in the nucleus. Since eight of these are
protons, the remaining eight must be neutrons. The atom is electrically neutral

overall, so the +8 charge of the nucleus is balanced by the eight orbiting
alactrons, each with charge -1.
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mass
nurmber £
____ chemical
symbol
atomic —— Z
AT

A Figure 22,2 Atomic notation

mass number, A = number of neutrans
+ number of protons, 2

= number of nucleons

50

number of neutrons = number of
nucleons — number of protons

=A-2

Hydrogen-2 is also called heawy

hydrogen or deuterium. Hydrogen-3 is
called tritium.

ATOMS AND RADIOACTIVITY
electron
hydrogen carban
1H EHE 135

A Figure 22.3 The hydrogen atom has one proton in is nucléus and no neutrons, so the mass number
A =1+ 0=1. Az it has one proton, its atomic number, Z = 1. For helium, A = 4 (2 pratons + 2
neutrons) and Z = 2 {2 protons), For carbon, A = 12 (6 protons + B neutrons) while Z = 6 (8 protans).

Figure 22.3 shows some examples of the use of this notation for hydrogen,
helium and carbon, together with a simple indication of the structure of an atom
of each of these elements. In each case the number of orbiting electrons is equal
to the number of protons in the nucleus, so the atoms are electrically neutral.

ISOTOPES

The number of protons in an atom identifies the element. The chemical
behaviour of an element depends on the number of electrons it has and, as
we have seen, this always balances the number of protons in the nucleus.
However, the number of neutrons in the nucleus can vary slightly. Atoms of an
elernent with different numbers of neutrons are called isotopes of the element.
The number of neutrons in a nucleus affects the mass of the atom. Different
isotopes of an element will all have the same atomic number, Z, but different
mass numbers, A. Figures 22.4 and 22.5 show some examples of isotopes.

h}fdmnm -1 mﬂmgm -2 hytﬁouen-?-

1

A Figure 22.4 |sotopes of hydrogen - they all have the samé atomic nember, 1, and the same
chemical symbal, H.

nohe the two
axtra nautrons

carbon-14
%o

A Figure 22.5 Two isotopes of carbon = they are referred 1o as carbon-12 and carbon-14 to
distinguish between them.

THE STABILITY OF ISOTOPES

Isotopes of an element have different physical properties from other isotopes
of the same element. One obvious difference is the mass. Another difference is
the stability of the nucleus.

The protons are held in the nucleus by the nuclear force. This force is very
strong and acts over a very small distance. It is strong enough to hold the
nucleus together against the electric force repelling the protons away from
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ATOMS AND RADIDACTIVITY

ALPHA (o) RADIATION

;HE

A Figure 22.7 An alpha pariicle (o particle)

EXTENSION WORK

Mucleons have roughly 2000 times

the mass of an electron, and alpha
particles are made up of four nuclaons,
so an alpha particle has 8000 times the
mass of a bata particle.

each other. (Remember that protons carry positive charge and like charges
repel.) The presence of neutrons in the nucleus affects the balance between
thesze forces. Too many or too few neutrons will make the nucleus unstable, An
unstable nucleus will eventually decay. When the nucleus of an atom decays it
gives out energy and may also give out alpha or beta particles.

|IONISING RADIATION

When unstable nuclei decay they give out ionising radiation. lonising radiation
causes atoms to gain or lose electric charge, forming ions. Unstable nuclei
decay at random. This means that it is not possible to predict which unstable
nucleus in a piece of radioactive material will decay, or when decay will
happen. We shall see that we can make measurements that will enable us to
predict the probability that a certain proportion of a radioactive material will
decay in a given time.

alaciron
mnlsmg
radiation

positive
ilvD'I'I'l an

A Figurs 226 When a neutral atom {or moleculs) i hit by fonising radiation it loses an electron and
becomes a positively charged ion.

There are three basic types of ionising radiation. They are: alpha (a), beta (8)
and gamma (y) radiation.

Alpha radiation consists of fast-moving particles that are thrown out of
unstable nuclei when they decay. These are called alpha particles. Alpha
particles are helium nuclei - helium atoms without their orbiting electrons.
Figure 22.7 shows an alpha particle and the notation that is used to denote it
in equations.

Alpha particles have a relatively large mass. They are made up of four
nucleons and so have a mass number of 4. They are also charged because of
the two protons that they carry. The relative charge of an alpha particle is +2.

Alpha particles have a short range. The range of ionising radiation is the
distance it can travel through matter, Alpha particles can only travel a few
centimeatres in air and cannot penetrate more than a few millimetres of paper.
They have a limited range because they interact with atoms aleng their paths,
causing ions to form, This means that they rapidly give up the enargy that they
had when they were gjected from the unstable nucleus.

BETA RADIATION (B~ AND f*)

Beta minus particles (B-) are very fast-moving electrons that are ejected by a
decaying nucleus, The nucleus of an atom contains protons and neutrons, so
where does the electron come from? The stability of a nucleus depends on the
proportion of protons and neutrons it containg. The result of radivactive decay
is to change the balance of protons and neutrons in the nucleus to make it
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EXTENSION WORK

Antimatter will not ba examined, but
for all the particles that exist in ordinary
matter thera axists an antimatter
particle. The positron is the antimatter
equivalent of an electron. You will

not be asked about neutrines or
antineutrinos sither,

GAMMA RAYS (y)

EXTENSION WORK

(Gamma radiation is emitted in "packets’
of energy called photons.

ATOMS AND RADIODACTIVITY

more stable. Beta minus decay invalves a neutron in the nucleus splitting into a
protan and an elactron (an antingutring is also emitted). The praton remains in
the nucleus and the electron is ajacted at high speed as a beta minus particle.

Sometimes a proton will decay into a neutron by emitting a beta plus particie (2. A
beta plus particle is an antielectron, a particle with the same mass as an electron but
with positive charge. The antisdectron is called a positron.

Beta particles are very light = they have only 0.000125 times the mass of an alpha
particle. The relative charge of a B~ is —1 and the relative charge of a p* is +1.

Beta particles interact with matter in their paths less frequently than alpha
particles. This is because they are smaller and carry less charge. This means
that beta particles have a greater range than alpha particles. Beta particles
can travel long distances through air, pass through paper easily and are only
absorbed by denser materials like aluminium. A millimetre or two of aluminium
foil will stop all but the most energetic beta particles,

Gamma rays are electromagnetic waves {see page 108) with very short
wavelangths. As they are waves, they have no mass and no charge. They are
weakly ionising and interact only occasionally with atoms in their paths. They
are extremely penetrating and pass through all but the very densest materials
with ease. It takes several centimetres thickness of lead, or a metre or so of
concrete, to stop gamma radiation.

NEUTRON RADIATION

EXTENSION WORK

As neutrons cause ather atoms to emit
radiation they must be screened. This
is done using materials that have a lot
of light atorms like hydrogen. Concrate
and water are used to prevent neutrons
ascaping from nuclear reactors.

MNeutrons are emitted by radioactive material. They have roughly the same
mass as a proton but have no electric charge. The symbol used for a neutron
in radioactive decay eguations is:

1
gh
If a neutron is emitted by a nucleus its mass number (A} goes down by 1 but

the atomic number (Z) is unchanged. If a neutron is absorbed by a nucleus its
mass number (&) goes up by 1 but the atomic number (£) is unchanged.

#As nautrons are not electrically charged they do not directly cause ionisation. They
are absorbed by nuclei of other atoms and can cause them to become radicactive.
The radicactive nuclei formed in this way will then decay emitting ionising radiation.
Meutrons are the only type of radiation to cause other atoms to become radioactive.
We shall see latar (Chapter 25) that neutron radiation plays an important part in the
process of fiszion used in nuclear reactors,

SUMMARY OF THE PROPERTIES OF
IONISING RADIATION

We have said that ionising radiation causes uncharged atoms to lose electrons.
An atomn that has lost (or gained) electrons has an overall charge. It is called an
ion. The three types of radicactive emission can all form ions.

As ionising radiation passes through matter, its energy is absorbed. This
means that radiation can only penetrate matter up 1o a certain thickness.
This depends on the type of radiation and the density of the material that it is
passing through.

The ionising and panatrating powers of alpha, beta and gamma radiation are
compared in the table on page 226, Nota that the ranges given in the table are
typical but they do depend on the energy of the radiation. For example, more
energetic alpha particlas will have a greater range than those with lower energy.



226 RADIDACTIVITY AND PARTICLES ATOMS AND RADIDACTIVITY
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All wiork with radioactive Sources must
be closely supervised by gualified
science staff and no sources must
be touched or pointed towards any
part of the body, Source usage must
be logged and they must be returned
to thair secura storage immediately
after use. In the UK, studenits under
16 years are not permitted to handls
sources; over 16, they are allowed to
do this with close supervision.

The Geiger-MUller (GM) tube is a
detector of radiation. It is described in
the next chapter.

lonising power Pm; :ﬂfrrnq E:-:-a.-rmilr:.- :1r range -_.-,F::EE:_-TIL
dlpha, a waak 5-6cm paper
beta, p medivm 500-1000 cm thin aluminium
gamma, ¥ waak strong virtually infinite  thick lead sheat

ACTIVITY 1

¥ PRACTICAL: INVESTIGATE THE PENETRATING POWERS OF
DIFFERENT KINDS OF RADIATION

radioaciive
S0Urca paper, aluminium

or laad sheats
H, ! GM tube

A Flgure 22.8 Measuring the penetrating power of different types of radiation

Radiocactive sources must be stored in lead-lined boxes and kept in

a metal cupboard with a radiation warning fabel. The source must be
handled with tongs away from the body. (See Chapter 24 page 247 for
mara details of safe practice with radioactive materials.)

Before the source is removed from its storage container, measure the
background radiation count by connecting a Geiger-Miller (GM) tube to
a counter. Write down the number of counts after 5 minutes. Repeat this
three times and find the average background radiation count.

Take a source of alpha radiation and set it up at a measured distance
(between 2 and 4 cm) from the GM tube,

Measure the counts detected in a 5 minute period. Repeat the count
with a shest of thick paper in front of the source. You should find that the
counts have dropped to the background radiation count. This shows that

alpha radiation does not pass through paper.

Mow replace the alpha source with a beta source. After measuring the
new count for 5 minutes place thin sheets of aluminium betweean the
source and detector. When the thickness of the aluminium sheet is

1=2 mm thick you will find that the count has dropped to the background
radiation level. This shows that beta radiation is blocked by just a few
millimetres of aluminium,.

Finally carry out the same steps using a gamma radiation source. Now
you will find that gamma radiation is only blocked when a few centimetres
of lead are placed between the source and the detector,

As we said earlier, an unstable atom, or strictly speaking its nucleus, will decay
by emitting radiation. If the decay process involves the nucleus ejecting either
an alpha or a beta particle, the atomic number will change. Thiz means that
alpha or beta decay causes the original element to transform into a different
glerment,

-
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ALPHA (a) DECAY

REMINDER

A Is the mass number of the elemeant
and £ is the atomic number. The
letters W and Y are not the symbols of
any particular elements as this is the
general equation,

It is worth pointing out that the mass
number refers to the number of nuclear
particles, or nucieons, invalved in the
transformation = not the exact mass.
Mass is not conserved in nuclear
transformations, as some of it is
transformed into energy.

i

POINT

A complete periodic table is shown in
Appendix A on page 277. The numbers
shown in the top left comer are the
atomic numbers of the alements = the
Z numbers in the nuclear equations.
Remember that the £ numbers tell us
the number of protons in the nucleus of
an element, Some periodic tables show
the atomic mass too but as alaments
hawve a number of different isolopes the
mass numbers will be an average for
the different isotopes.

ATOMS AND RADIDACTIVITY

Here is an example of alpha decay:

“Ra — iHe +  energy
radium atom  — aparticle +  energy

The radicactive isotope radium-222 decays to the element radon by the
emission of an alpha particle. The alpha particle is somatimes represented by
the Greek letter a. Radon is a radioactive gas that also decays by emitting an
alpha particle. Note that the atomic number for radon, 86, is two less than the
atomic number for radium.

This is a balanced eguation:

B The total of the A numbers on each side of the equation is the same.
(Remambar that A is the total number of protons and neutrons.)

B The total of the £ numbers on each side of the equation is the same.
(Remember that the £ number tells us the number of protons in the nucleus
- the number of positively charged particles.)

The general form of the alpha decay equation is:

*%Ra +
radon atom  +

Y — AW + 1He + energy

alpha particle, a

In alpha decay, element Y is transformed into element W by the emission of
an alpha particle. Element W is two places before element Y in the periodic
table. The alpha particle, a helium nucleus, caries away four nucleons, which
reduces the mass number (A) by four. Two of these nucleans are protons so
the atomic number of the new element is two less than the original element,
Z - 2. Motice that the mass number and the atomic number are conserved
through this equation - that is, the total numbers of nuclecns and protons on
each side of the equation are the same.

EXAMPLE 1

Complete the following nuclear equation which shows the decay of
uranium-238 to the element thorium by alpha decay (emitting an alpha
particle).

22U — 3Th - 3He

The atomic mass numbers (&) on both sides of the equation must add up
to the same, so the atomic mass for thorium must be 234 (2368 = 234 + 4),

The atomic numbers (Z) on both sides of the equation must add up to the
sama, 50 the atomic mass for thorium must be 80 (22 = 20 + 2). So the
answer is:

U - ZTh — iHe

Figure 22.9 shows the effect of alpha particle decay. Losing an alpha particle
from the nucleus of a uranium atom tums it into thordum, two places back in
the periodic table.

Ac
Actinium
o]

A Figure 22.9 A part of the peripdic table of elements
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BETA (8-} DECAY

Hera is an example of beta minus decay:

'sC - "N + Je + energy
carbon-14 atom — nitrogen-14 atom + beta particle, B~ + energy (also an
antineutring)

The radioactive isotope of carbon, carbon-14, decays to form the stable isotope
of the gas nitrogen, by emitting a beta panticle. Remember that the beta minus
particle is formed when a neutron splits to form a proton and an electron,

Figure 22.10 shows the standard atomic notation for a beta particle (B7).

The alectron has very little mass,
50 the mass number, A, is zero. ‘\‘ The symbol for

U / an electron is an e.
_15

s

The eleciron does not have an atomic
nuemiber bul does camy an equal and

cpposie electric charge 1o a proton so
its £ mumber iz -1.

A Figure 22.10 A beta mines particle
The general form of the beta minus decay equation is:

X — LAY + e + energy

beta minus particle, B~

In B~ decay, elament X is transformed into element ¥ by the emission of a
beta minus particle. Element Y is the next element in the periodic table after
element X. The beta particle, an electron, has practically no mass so the mass
number, A, is the same in X and Y. As the B~ particle has a charge of -1, the
atomic number of the new elament is increased to £ + 1, Again the mass
number and the atomic number are conserved through this eguation.

BETA (p*) DECAY

EXTENSION WORK

You will not be asked about f* decay but the example here is included to show that
the atomic mass numbers (&) and the atomic numbers (Z) on each side of the decay
equation must balance. Hera is an example of beta plus decay:

2Ma -+  BNe + Je + energy
sodium-22 atom — neon-22 atorn + beta particle, B* + energy (also a nautring)
The radicactive isotope of sodium (Na), sodium-22, decays to form the stable
isotope of the gas neon (Me), by emitting a beta plus particle. Remember that the
beta plus particle is formed when a proton splits to form a neutron and a pasitran.
Figura 22.11 shows the standard atomic notation for a beta particle ().

The positron has very little mass,

50 the mass number, A, s zero.

+1

>l

The electron doas not have an atomic
numbar but has the same eleciric charge
as a proton so ita 2 number s +1.

A Figure 22.11 A beta plug particle
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The general form of the beta plus decay equation is:

K =Y + e + energy

beta plus particle, fi*

In B* decay, element X is transformed inte element Y by the emission of a beta plus
particle. Element ¥ is the element in the periodic table that comes before element X,
The beta plus particle, a positron, has practically no mass so the mass number, A, is
the same in ¥ and ¥. As this beta particle has a charge of +1, tha atomic numbar of
the new alement is decreased to £ - 1.

An isotope of caesium '3ICs decays by emitting an electron (§-) and forms
an atom of barium (Ba). Write a balanced nuclear equation for this decay.

'Cs — 1Ba + e + enargy

An electron has practically no mass so the mass number does not change.
The emission of an electron happens when a neutron becomes a proton
and an electron, so the atomic number increases by one. The barium
isotope formed is therefore '3}Ba and the completed equation is:

ICs — '3Ba + e + energy

When an element decays by emitting an electron it changes to the element
with the next higher atomic number, You can check this by looking at the
periodic table on page 277.

—

;avm:g"mﬁ:?: R,:;E:::;T An isotope of magnesium $3Mg decays by emitting a positron (B*) and
' forms an atom of sodium (Ma). Write a balanced nuclear equation for this
decay.
BMg — INa + e
A positron has practically no mass so the mass number does not change.
The amission of a positron happens when a praton in the nucleus becomes

a neutron and a positran, so the atomic number decreases by one. The
sodium isotope formed is thersfore $Na and the completed equation is:

Cs — #INa + ,Je

When an element decays by emitting a positron it changes to the element
with the next lower atomic number. You can check this by looking at the

periodic table on page 277.

NEUTRON DECAY
Here is an example of neutron decay:
iHe ~+  iHe + In
helium-5 atom — helium=-4 atom + nautran

As a neutron has no electric charge, the total positive charge is unchanged by
the emission of a neutron - the Z number is 2 before and after the decay, The
total number of particles (protons and neutrons) in the nucleus of the halium
atom has decreased by 1 because of emission of the neutron.
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An isotope of baryllium,'{Be, decays by emitting a neutron. Write a
balanced nuclear equation for this transformation.

Write down what you know:

WBe — 17 +in
The emission of a neutran has no effect on the charge so the atomic
number (£) is unchanged at 4. Each slement has its own atormic number so
the element in this decay is unchanged - it is still an isotope of beryllium.

The loss of a neutron from the beryllium nucleus means that the atomic
mass decreases by one. The completed equation is:

'iBe — "I Be + n

GAMMA (y) DECAY Gamma radiation is high-energy electromagnetic radiation (see page 106).

After an unstable nucleus has emitted an alpha or beta particle it sometimes
has surplus energy. It emits this energy as gamma radiation. Gamma rays are
pure energy, so they do not have any mass or charge. When a nucleus emits
a gamma ray there is no change to either the atomic number or the mass
number of the nucleus.

LOOKING AHEAD 3
— \

A Figure 22,12 Inside the Large Hadron Collider

Understanding the particles that make up all matter in the Universe, how
they interact and the forces involved holding matter together remains

a major area of research for physicists. This is an introduction to what
has been called the ‘particle zoo'. Large particle accelerators, like the
Large Hadron Collider (LHC) an the Swiss/French border, have identified
many new particles. Energy turned into matter! Research has recognised
patterns in these particles and we now have a model that explains

many complex nuclear processes — some of which have increased our
understanding of how the Universe was formed.

We also understand how matter can be transformed into energy and the
amazing amount of energy that results, revealed by Albert Einstein in his
famous equation:

E = mc?

L. 3
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CHAPTER QUESTIONS

LR CRITICAL THIRKING 7 '

0/
m PHOBLEM SOLVIHG

;9
_‘_9

Mare questions on the structure of the atom can be found at the end of Unit 7
on page 255.

1

h

Copy and complete the table below. Identify the particles and complete the
missing data.

Atomic particle | Relative mass of parficle i Relative charge of parhicle

2000 0

Identify the following atomic particles from their descriptions:
a an uncharged nuclaon

b the particle with the least mass

¢ the particle with the same mass as a neutron

i the particle with the same amount of charge as an electron
& a particle that is negatively charged.

Explain the following terms used to describe the structure of an atom:
a atomic number
b mass number.

Copy and complete the table balow, describing the structures of the
different atoms in terms of numbers of protons, neutrons and electrons.

profons
neutrons
electrons

Copy and complete the following sentences:

a An alpha particle consists of four . Two of these are and
twio are . An alpha particle carries a charge of ;
b A beta minus particle is a fast-moving that is emitted from the
nucleus. It is created when a in the nucleus decays to form a
and the beta particle.
& A third type of ionising radiation has no mass. It is called radiation.

This type of radiation is a type of wave with a very wavelangth.

o Gamma radiation is part of the spectrum.

6 The following nuclear eguation showing beata plus decay:

ip—i0+ae
a From the following list of particles:
A electron B neutron C proton D alpha particle
i State which is the particle on the left of this balanced equation.
il State which is the first of the terms on the right of this equation.

Iy The gecond term on the right of this equation is a positron - the
anfiparticle of an electron. Copy and complete the abowve equation filling
in the empty boxes shown.
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Look at the table on page 226.

LN B FROBLEM SOLVING

CRITIGAL THINKING

PRAOBLEM SOLVIRG

CRITIGAL THINKING

ATOMS AND RADIOACTIVITY

T A certain radioactive source emits different types of radiation. The sample

is tested using a Geiger counter. When a piece of card is placed between
the source and the counter, there is a noticeable drop in the radiation. When
a thin sheet of aluminium is added to the card between the source and the
counter, the count rate is unchanged. A thick block of lead, however, causes
the count to fall to the background lewvel.

What type (or types) of ionising radiation is the source emitting? Explain
your answer carefully.
a The nuclear equation below shows the decay of thorium. Copy and
complete the equation by providing the missing numbers.
Th —BPa + e
b What type of decay is taking place in this transformation?

c The nuclear equation below shows the decay of polonium. Copy and
complete the equation by praviding the missing numbers and letters.

2 Po — 0P + 3]

o What type of decay is taking place in this transformation?
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23 RADIATION AND HALF-LIFE

In this chapter you will leam about ways of detecting radiation, and where some of the radiation around us comes from.
You will also learn why we use a value called half-life to describe the activity of radioactive isotopes.

LEARNING OBJECTIVES

Know that photographic film or a Geiger—Miiller Know the definition of the term half-life and
detector can detect ionising radiation understand that it is different for different radioactive

Explain the sources of background (ionising) radiation RS

fram Earth and space Use the concept of the half-life to carry out simple

P : ; calculations on activity, including graphical methods
Know that the activity of a radioactive source ACHIAEONE DAL VR  RIE SRR T

decreases over time and is measured in becquerels

DETECTING IONISING RADIATION

USING PHOTOGRAPHIC FILM Wilhelm Rérntgen (Figure 23.1a) discoverad x-rays in 1895. Henri Bacquearal

(Figure 23.1b) believed that uranium emitted x-rays after being exposed to
sunlight. To test this idea he placed some wrapped, unused photographic
plates in a drawer with some samples of uranium ore on top of them. He
found a strong image of the ore on the plates when he developed them. He
later realised that this was due to a new type of ionising radiation. He had
discovered radioactivity.

The unit of radioactivity is named after Becqueral, The becquereal (Bg) is a
measure of how many unstable nuclel are disintegrating (breaking up) per
second — one becguerel means a rate of one disintegration per second. The
becquersl is a very small unit, More practical units are the kBg (an average
of 1000 disintegrations per second) and the MBq (an average of 1 000000
dizintegrations per second).

Photographic film can still be used to detect radicactivity. Some scientists who
work with radioactive materials wear a piece of photographic film in a badge.

If the film becomes fogged (unclear) it shows that the scientist has been
exposed to a certain amount of radiation. These badges are checked regularly
to ensure that scientists are not exposed to too much ionising radiation.

A Figure 23.1 a Wilhelm Réntgen (1845-1923), b Hanri Becquerel (1852-1908). Nobel prize winners n
1907 and 1903
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THE GEIGER-MULLER (GM) TUBE Figure 23.2 shows the basic construction of a Geiger-Muller (GM) tube. It is a

glass tube with an electrically conducting surface on the inside. The tube has
a thin window made of mica (a naturally occurring mineral that can be split into
thin sheets). The tube contains a special mixture of gases at very low pressure,
In the middie of the tube, electrically insulated from the conducting surface,
there is an electrode. This electrode is connected, via a high-value resistor, to
a high-vaoltage supply, typically 300=-500 V.

When ionising radiation enters the tube it causes the low pressura gas inside
to form ions. The ions allow a small amount of current to flow fram the
glectrode to the conducting layer. This is detected by an electronic circuit.

glass tube
300-500V
thin mica
window o the detecting chrouit
av
conducting coating contral alecirode,
called the enode

A Figure 23.2 A Geiger—-hiller tube is used to measure the level of radiation,

The GM tube is usually linked up to a counting circuit. This keeps a count of
how many ionising particles (or how much y radiation) have enterad the GiM
tube. Sometimes GM tubes are connected to rate meters. These measure
the number of ionising events per second, and so give a measure of the
radioactivity in becquerels. Rate meters usually have a loudspeaker output so
the level of radioactivity is indicated by the rate of clicks produced.

BACKGROUND RADIATION

Background radiation is low-level ionising radiation that is produced all the
time. This background radiation has a number of sources. Some of these are
natural and some are artificial,

ground and buildings
14.0%

radon gas
50.0%%

food and drink
11.5%

A Figure 23.3 Sources of background radiation in the UK. These are the average values — the true
amiounts and proportions vary from place to place.
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:;:.%mm RADIATION Some of the radiation we receive comes from rocks in the Earth's crust (hard
outer layer). When the Earth was formed, around 4.5 billion years ago, it

When an atom of a radioactive
element decays it gives out radiation
and changes to an atom of another
glement. This may also be radicactiva,
and decay to form an atom of yet
anather elament, The elements formed
as a result of a radioactive element
axperiencing a seres of decays are
called decay products.

contained many radicactive isotopes. Some decayed very quickly but others
are still producing radiation. Some of the decay products of these long-lived
radioactive materials are also radioactive, so there are radioactive isotopes
with much shorter half-lives (see page 237) still present in the Earth's crust.

One form of uranium is a radioactive element that decays very slowly. Two
of its decay products are gases. These are the radicactive gases radon and
thoron. Radon-222 is a highly radicactive gas produced by the decay of
radium-2286. Thoron, or radium-220, is an isctope of radium formed by the
decay of a radicactive isotope of thorium (thorium-232).

As these decay products are gases, they come out of radicactive rocks. They
are dense gases so they build up in the basements of buildings. Some parts
of the Earth's crust have higher amounts of radicactive material so the amount
of background radiation produced in this way varies from place to place. In
Comwall in the UK, for example, where the granite rock contains traces of
uranium, the risk of exposure to radiation from radon gas is greater than in
some other parts of the UK.

NATURAL BACKGROUND RADIATION
FROM SPACE

Violent nuclear reactions in stars and exploding stars called supemovae
produce cosmic rays [very energetic particles) that continuously hit the Earth.
Lower energy cosmic rays are given out by the Sun. Qur atmosphere gives
us fairly good protection from cosmic rays but some still reach the Earth's
surface.

RADIATION IN LIVING THINGS

ARTIFICIAL RADIATION

The atoms that make up our bodies wera formed in the violent reactions that
take place in stars that exploded (superncvas) billions of years ago, Some of
these atoms are radicactive so we carry our own personal source of radiation
around with us. Also, as we breathe we take in tiny amounts of the radioactive
isotope of carbon, carbon-14, Because carbon-14 behaves chemically just
like the stable isotopa, carbon-12, we continuously renew the amount of tha
radioactive carbon in our bodies (see page 245).

Carbon-14 and other radipactive isotopes are eaten by humans (and animals
which are in tum eaten by humans) because they are present in all living things.

We use radipactive materials for many purposes. Generating electricity in
nuclear power stations has been responsible for the leaking of radicactive
material into the environment. The levels are usually small, but there have

been a number of major incidents around the world, especially at Threa Mile
Island in the LUSA in 1979 and at Chamobyl in the Ukraine in 1286, The tsunami
and sarthquake that caused major damage and loss of life in Japan in 2011
also damaged the Fukoshima nuclear power station resulting in the release of
radioactive materials into the air and the ocean as well as making a large area
of land around the damaged power station unsafe for humans to live there.,

Testing nuclear weapons in the atmosphere has also increased the amounts of
radioactive isotopes on the Earth,

Radioactive tracers are usad in industry and medicine. Radioactive materials
are also used to treat certain forms of cancer. However, the majority of
background radiation is natural - the amount produced from medical use in
Industry is very small indeed,
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RADIOACTIVE DECAY

Radioactive decay is a random (unpredictable) process, just like throwing

a coin. If we throw a coin we cannot say with certainty whether it will come
down heads or tails. If we throw a thousand coins we cannot predict which will
land heads and which will land tails. The same is true for radioactive nuclei. It
is impossible to tell which nuclei will disintegrate (break down) at any particular
time. However, if we threw a thousand coins we would be surprised if the
number that landed as heads was not arcund 500. We know that a nomal coin
has an equal chance of landing as a head or a tall, so if we got 600 heads we
would think it was unusual. If the proportion of heads were much greater than
this we would be right to think that the coin was not fair,

4 Figure 23.4 Throwing a coin

We could, if we had the time, take 1000 coins and throw them. We could
OF NUCLEAR DECAY then remowve all the coins that came down heads, note the number of coins
remaining and then repeat the process. If we did this for, say, six trials we
would begin to see the trend. A set of typical results is shown in the following
table and in Figure 23.5.

1200

:

B =

GO0

400

numbser of coing remaining

:.' 200

3 4
trial

[=
3 =
on =4
L32]

A Figure 23.5 Coin-throwing experiment. Each time the coins ara thrown about 50% of them land as
‘hesds' and are removed from the plle. The graph decreases steeply al first but then does so more

and more showly,
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Number of coins remaining

1 518
2 264
3 140
4 72
5 33
B 19

EXTENSION WORK

The coin-throwing experimeant is a model of radioactive decay. A good model

will show the featuras of the real process, We must remember that models have
limitations, however, and do not perfectly represent the actual process. One
limitation of the experiment is that of scale. In just 1 g of uranium-235 there are
millions of nuclel, and our model uses just 1000 coins. The model would be better
if we used, say, 1000 000 coins, but would take too long to perform. if we usa a
computer model to throw the coins we could deal with more realistic numbers.

MNotice that the graph in Figure 23.5 falls steeply at first and more slowly after
each throw. How quickly the graph falls depends on how many heads occur
on each throw. But as the number of coins decreases, the number of coins
that corme up heads also gets smaller. This graph follows a rule; the smaller
the quantity, the more slowly the quantity decreases. The quantity hera is the
number of coins still in the experiment. The name for this kind of decreasa
proportional to size is called exponential decay.

If we have a sample of a radicactive material, it will contain millions of atoms.
The process of decay is random, so we don't know when an atom will decay
but there will be a probability that a certain fraction of them will disintegrate

in a particular time. This iz the 2ame as in the coin toss - there was a 50%
probability that the coins would land heads each time we conducted a trial.
Once an unstable nucleus has disintegrated, it is out of the game - it won't

be around to disintegrate during the next period of time. If we plot a graph of
number of disintegrations per second against time for a radicactive isotope we
would, therefore, expect the rate of decay to fall as time passes because there
are fewer nuclei to decay.

HALF-LIFE

Our coin-tossing model of radicactive decay shows a graph that approaches
the horizontal axis more and more slowly as time passes. The model will
produce a number of throws after which all the coins have been taken out of
the game. The number is likely to vary from trial to trial because the model
becomes less and less reliable as the number of coins becomes smaller. With
real radicactive decay we use a measure of activity called the half-life. This is
defined as follows.

The half-life of a radioactive sample is the average time taken for half the
original mass of the sample to decay. If the amount of radicactive matter has
halved then the activity of the decay halves - this activity is what is measured
in finding the half-life of an isotope. The haif-life is different for different
radipactive isotopes.
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Figure 23.6 shows what thizs means. After one hali-life peried, t:, the amount of
the original unstable element has halved. After a second paﬁncf of time, t;, the
amount has halved again, and so on.
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A Figure 23.6 Graph showing the half-life period for a radicactive iotope

MEASURING THE HALF-LIFE OF A
RADIDACTIVE ISOTOPE

To measure the half-life of a radicactive material (radisisotope) we must
measure the activity of the sample at regular times. This is done using a
Gaiger-Muller (GM) tube linked to a rate meter. Before taking measurements
from the sample, we must measure the local background radiation. We must
subtract the background radiation measurement from measurements taken
from the sample so we know the radiation produced by the sample itself. We
then measure the rate of decay of the sample at regular time intervals. The rate
of decay is shown by the count rate on the rate meter. The results should be
recorded in a table like the one shown below,

Average background radiation measured over 5 min = x Bg
Corrected count rate, C/Bq
0 ¥a Yo—X
3 ¥s Ys=%

The rate of decay, C, corrected for background radiation, is proportional to the
amount of radicactive isotope present. If we plot a graph of C against time, £,
we can measure the half-life from the graph, as shown in Figure 23.7.
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A Figure 23.7 You can find the half-life by reading from the graph the time taken for the count rate fo
halve.
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As we have already mentioned, different isotopes can have very differant half-
lives, Some examples of different half-lives are shown in the table below.

uranium-Z238 4.5 billion years @ particle emission
radium-226 1590 years a parficle emission, y ray emission
radon-222 3.825 days o particle emission

Isotopes with short half-lives are suited to medical use (see page 241). This is
because the activity of a source will rapidly become very small as the isotope
decays quickly,

Isotopes used for dating samples of organic material need to have very

long half-lives. This is because the activity will become difficult to measure
accurately if it drops below a certain level. In Chapter 24, we shall see that
there are suitable isotopes for these different applications.

HALF-LIFE CALCULATIONS

Graphs of activity, in becquerels, against time can be used to find the half-life
of an isotope, and this half-life information can be used to make predictions of
the activity of the radicisotope at a later time.

The activity of a sample of a certain isctope is found to be 200 Bg.

If the isotope has a half-life of 20 minutes, what will the activity of the
sample be after one hour?

After 20 minutes the activity will have halved to 100 Bqg.

After 40 minutes (two half-lives) it will have halved again to 50 Bq. After 60
minutes it will have halved again. so the activity will be 25 Bq.

What is the level of activity of this sample after three hours?

Three hours = 3 x 20 minutes - that iz, nine half-life periods. This means
the activity will have halved nine times. The level of activity (and the
amount of the radicisotope remaining) will be:

L bt [ R [ el [ |
egite” SR e R - S - H

or 515- of the original value, and so ﬁ of the original activity or amount.
CHAPTER QUESTIONS More questions on radioactive decay can be found at the end of Unit 7 on
page 255.
m CRITIGAL THINKING {‘D 1 a Explain what is meant by background radiation,
b Explain the difference between natural background radiation and artificial
background radiation.
(] ¢ Give three different sources of background radiation. Say whether your

examples are natural or artificial sourcas,
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m CRITICAL THINKING

LA RS FROBLEM SOLVING

m EXECUTIVE FURCTION

2

5

RADIATION AND HALF-LIFE

a Explain simply the principle of the Geiger-Miiller tube.

b The Geiger-Miiller tube is often connected to a rate meter. Explain what
this instrumeant measures.

¢ The rate meter is calibrated In kBg. How is this unit defined?

a Define what iz meant by the half-life of a radioactive material.
b Radioactive decay is a random process. Explain what this means.

The activity of a radicactive sample is measured. The activity, corrected
for background radiation, is found to be 240 Bq. The activity is measured
again after 1 hour 30 minutes and is now 30 Bg. What is the half-life of the

sample?

In another model of radicactive decay, a student fills a burette with water,

as shown in the diagram, and starts a timer at the instant the tap at the

bottom is opened. She notes the height of the column of water at regular

intervals. It takes 35 seconds to empty from 50 ml to 25 ml. Assuming that

the arrangement provides a good model of radioactive decay:

a How long will it take for three quarters of the water in the burette to drain
away?

b How much water should remain in the burette after 1% minutes?

| r_Lvm

helght of water Il

stop clock

A student wants to measure the half-life of a radicactive isolope. He is told

the isotope has a half-life of between 10 and 20 minutes. lllustrating your

answers as appropriate, describe:

a the measurements that he should take

b how he should use the measuraments to arrive at an estimate of the half-
lite for the isotape.
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irradiation

including:

Describe the difference between contamination and

24 APPLICATIONS OF RADIOACTIVITY

Radioactivity has a wide variety of uses, including medicine, industry and power generation. In this chapter, you will read
about these uses and also learn about the dangers associated with the use of radioactivity.

that radiation can cause mutations in living
organisms

that radiation can damage cells and tissue

Be able to describe the dangers of ionising radiations the problems arising from the disposal of

radioactive waste and how the associated risks can
be reduced

& Figure 24,1 This scan shows the kidneys in a patient's body.

USING TRACERS IN DIAGNODSIS Radioactive izsotopes are used as tracers 1o help doctors identify diseased

organs (like the kidneys or the liver). A radioactive tracer is a chemical
compound that emits gamma radiation. The tracer is taken orally (swallowed)
by the patient or injected. lts journey around the body can then be traced
{followed) using a gamma ray camera,

Different compounds are chosen for different diagnostic tasks. For example,
the isctope iodine-123 is absorbed by the thyroid gland (a part of the body
found in the neck that controls growth) in the same way as the stable form of
iodine, The isctope decays and emits gamma radiation. A gamma ray camera
can then be used to form a clear image of the thyroid gland.

The half-life of ipdine-123 is about 13 hours. A short half-life is important as this
means that the activity of the tracer decreases to a very low level in a few days.
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EXTENSION WORK

Tha isotope usad in medicine is
what is called a metastable form of
technetivm-29 called technetium-38m.

Other isotopes are used to image specific parts of the bedy. Technetium-98
is the most widely used isotope in medical imaging. It is used to help identify
medical problems that affect many parts of the body. Figure 24.1 shows a
scan of a patient's kidneys. It shows clearly that one of the kidneys is not

working properly.

A Figure 24.2 Scanner used to provide 30 images of a patient’s bady

Imaging techniques enable doctors to produce three-dimensional (30)
computer images of parts of a patient’s body. These are of great value in
diagnosis. Figure 24.2 shows the kind of equipment used for three-dimensional

imaging.

TREATMENT

STERILISATION USING RADIATION !

Radiation from isotopes can have various effects on the cells that make up our
bodies. Low doses of radiation may have no lasting effect. Higher doses may
cause the cells to stop working properly as the radiation damages the DMA in
the cells. This can lead to abnormal growth and cancer. Very high doses will
kill living cells,

Cancer can be treated by surgery that involves cutting out cancerous cealls.
Another way of treating cancer is to kill the cancer cells inside the body. This
can be done with chemicals containing radioactive isctopes. Unfortunately, the
radiation kills healthy cells as well as diseased ones. To reduce the damage

to healthy tissue, chemicals are used to target the location of the cancer in

the body. They may emit either alpha or beta radiation. Both these types of
radiation have a short range in the body, so they will affect only a small volume
of tissue close to the target.

The radioisotope iodine-131 is used in the treatment of various diseases of the
thyroid gland. It has a half-life of about eight days and decays by beta particle
amission.

Gamma radiation can kill bacteria and viruses. It is therefore used to kill
these microorganisms on surgical instruments and other medical equipment.
The technique is called irradiation. The items to be sterilised are placed in
secure bags to ensure that they cannot be re-contaminated before use. The
gamma radiation will pass through the packaging and destroy bacteria without
damaging the item.

-
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Some food products are treated in a similar way to make sure that they are free

from any bacteria that will cause the food to rot or will cause food poisoning.

Irradiation will not destroy any paisons L i . ’
that bacteria may have already The irradiation of food is an issue that causes concem amongst the public and

produced in the food before it is is not a widely used procedure at the presant time.

Tind, Irradiation such as the deliberate exposure of food products and surgical

irradiation doss not destroy vitamina instruments to controlled amounts of radiation should not be confused with

s ihe hood e cthae imsane of Kiling radioactive contamination. If radioactive waste is accidentally released either

mlwm S han-lanpeiue into the air or the sea it could result in fish, animals or agricultural crops being
’ contaminated with radioactive material.

g Ea

| werdrs =

A Figure 24.3 Gamma radiation s used to sterilse medical equipment,

THE USE OF RADIOACTIVITY IN INDUSTRY

GAMMA RADIOGRAPHY A gamma ray camera is like the x-ray cameras used to examine the contents

of your luggage at airports. A source of gamma radiation is placed on one
side of the object to be scanned and a gamma camera is placed on the
other. Gamma rays pass through more objects than x-rays. They can be used
to check for faults in casting (making things out of metal) or welding (joining
metal objects together). Without the technique of gamma radiography, neither
problem could be detected unless the welding or casting were cut through.
An additional advantage of gamma radiography over the use of x-rays for

this purpose is that gamma sources can be small and do not require a power
source or large equipment.

A Figure 24.4 A gamma camera image
used to view inside a valve

GAUGING In industrial processes, raw materials and fusl are stored in large tanks called

hoppers. Figure 24.5 shows how radicactive isotopes are used to gauge, or
measure, how much material there is in a storage container.

The coal absorbs a large amount of the radiation so the reading on the lower
detector will be small. As the upper part of the hopper iz empty the upper
detector will have a high reading.

This method of gauging has several advantages over other methods. There is
no contact with the material being gauged. Also, coal dust might cause false

readings with an optical gauging system (one using light beams). Coal dust is
much less dense than coal so the gamma ray systam still works properly.
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TRACING AND MEASURING THE
FLOW OF LIQUIDS AND GASES

radiation
SOUMCas

P

& Figure 24.5 The amount of coal in the hopper can be measured using gamma radiation.

Another example of gauging uses a similar process to monitor the thickness
of plastic sheeting and film. The thicker the sheet, the greater the amount

of radiation it absorbs and the amount passing through gets smaller. By
measuring the amount of radiation that passes through the shesting, its
thickness can be closely controlled during manufacture,

Radinisotopes are used to check the flow of liquids in industrial processes.
Very tiny amounts of radiation can easily be detected. Complex piping
systems, like those used in in power stations, can be monitored for leaks.

Radipactive tracers are even used to measure the rate of spread of sewage
(human waste) (Figure 24.6)!

R
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Figure 24.5 Radioactive tracers released with the sewage allow its spread 1o be menitored to
make sure the concentration does not reach harmiful leveis in any ana.
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RADIOCARBON DATING ;

1he neulnon has a mass the symbal for the:
numberof 1, 20 A is 1 neutron isn

N\,

|:Il'l

the neutron has no
charge so the notation
shows this number as 0

A Figure 24.7 The neutron

the proton has a mass v symbol for the
number of 1, 50 Ais1 profen s p

N

1

the proton has +1 unit
of charge so the
notation shows this
number as 1

A Figure 24.8 The proton
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RADIOACTIVE DATING

A variaty of differant methods involving radicisotopes are used to date minerals
and organic matter. The most widely known method is radiocarbon dating.
This is used to find the age of organic matter - for example, from trees and
animals - that was once living. We shall also look at techniques that are used
to find the age of inorganic material like rocks and minerals.

Radiocarbon dating measures the level of an isotope called carbon-14

{C-14). This is made in the atmosphere. Cosmic rays from space are
continually raining down upon the Earth, These have a lot of energy. When they
hit atoms of gas in the upper layers of the atmosphere, the nuclei of the atoms
break apart. The parts fly off at high speed. If they hit other atoms they can
cause nuclear transformations (changes) to take place. These transformations
turn the elemants in the air into different isotopes. One such collision involves
a fast-moving neutron striking an atom of nitrogen. (Nitrogen forms nearly 80%
of our atmosphere.) The nuclear equation for this process is:

"N+in—="8C+1p
Motice that, as in the other nuclear equations we have seen, the top numbers
=which show the number of nucleons - add up to the same total on each side
of the eguation. This is because the mass number is conserved. The bottom

numbers = which show the amount of charge on the particles - are also
conservad.

You have sean the notation for nautrons and pratons in Chapter 22,
A reminder of neutron notation is shown in Figure 24.7, and of proton notation
in Figure 24,8,

The result of the collision of a neutron with a nitrogen atom is a nuclear
transformation. The nitrogen atom is transformed into an atom of the
radipactive isotope of carbon, carbon-14.

As we have already mentioned, isotopes of an element have the same
chemical behaviour. This means that the carbon-14 atoms react with oxygen
in our atmosphers to form carbon dioxide, just like the much more commen
and stable isotope, carbon-12. The carbon dioxide is then absorbed by plants
in the process of photosynthesis, As a result, a proportion of the carbon
that makes up any plant will be the radioactive form, carbon-14. Included in
plant material, the radicactive isotope carbon-14 enters the food chain, which
means that animals and humans will also have a propertion of carbon-14

in their bodies. These carbon-14 atoms will decay but, in living plants and
animals, they are continuously replaced by new ones.

When an organism (living thing) dies, the replacement process stops. As

time passes, the radioactive carbon decays and the proportion of radioactive
carbon in the remains of the plant or animal, compared with the stable carbon
isotope, decreases.

The half-life for the decay of carbon-14 is approximately 5600 years. This
means that every 5600 years the proportion of carbon-14 in dead plant and
animal material will halve. The amount of carbon-14 present in a sample of
dead plant or animal material is found by measuring the activity of the sample.
This is compared with the amount of carbon-14 that would have been present
when the sample was part of a living organism. From this, it is possible to
estimate when the source of the sample died.
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120 g of living wood has a radioactive activity (comrected for background
radiation) of 24 Bg. A 120 g sample of wood from an historical site is found
to have an activity of 6 Bg. If the half-life of carbon-14 is 5600 years,
estimate the age of the wood from the site.

6 Bg=24Bq x%:-c:z'v

Since the activity of the sample has halved twice from that expected in
living wood, two half-lives must have passed.

The age of the sample is therefore around 2 x 5600 years = 11200 years.

There are limitations to the method of radiocarbon dating. It assumes the level
of cosmic radiation reaching the Earth is constant, which is not necessarily
accurate, Fortunately, the technique has been adjusted to take the variations
of cosmic ray activity into account. This is done by testing samples of a known
age, like material from the mummies (preserved corpses) of Egyptian Pharaochs
and from very ancient living trees.

The radiocarbon method is not used to date samples older than 50 000-60 000
years because, after 10 half-lives, the amount of carbon-14 remaining in
samples is too small to measure accurately.

Radiccarbon dating may be used as a context in guestions abaut the half-life of
radicactive isotopes. What follows on dating the age of rocks is included for interest only.

DATING THE AGE OF ROGKS

Inorganic, nan-living matter does not absort carbon-14, so different techniques
rmust be used for finding out the age of recks and minerals.

When a mdioactive substance decays it transforms into a different isotope,
sometimes of the same element, sometimes of a different element. The original
radioisotope is called the parent nuclide (unstable nucleus) and the product is called
the dasghter nuclide. Many of the products of decay, the daughter isotopes, are also
unstable and these tao decay in tum. This means that as the parent isotope decays
it breeds a whale family of elements in what is called a decay series. The end of the
decay series is a stable isotope - one that does not decay further,

The table shows some radioactive parent isotopes with the stable daughters formed
at the end of their particular decay series. The half-life quated is the time for half the
criginal number of parent nuclei to decay to the stable daughter element.

Radioactive parent isotope Stable daughter element m

potassivm-40 argon-44 1.25 billion
tharium-232 lead-208 14 billion
uranium-235 lead-207 704 billian
uranium-238 lead-206 4,47 billion
carbon-14 nitrogen-14 5568

For rocks containing such radioactive isotopes, the proportion of parent to stable
daughter nuclide gives a measure of the age of the rock. Notice that the half-lives of
mast of the radioactive parent isotopes are extramely long, in some cases greater
than the lifetime of the Earth.

The decay series of potassium-40 ends with argon gas. As potassium-40 decays

In igneous rock, the argon produced remains trapped in the rock. Igneous rocks

are formed when malten rock bacomes solid. Igneows rocks are non-porous. The
propartion of argon to potassium-40 again gives a measure of the age of the rock,
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THE DANGERS TO HEALTH OF IONISING RADIATION

lonising radiation can damage the molecules that make up the cells of living
tissue. Cells suffer this kind of damage all the time for many different reasons.
Fortunately, cells can repair or replace themselves given time so, usually, no
permanent damage results, However, if cells suffer repeated damage because
of ionising radiation, the cell may be killed. Alternatively the cell may start to
behave in an unexpected way because it has been damaged. We call this
effect cell mutation. Some types of cancer happen because damaged cells
start to divide uncontrollably and no longer perform their correct function.

Different types of ionising radiation present different risks. Alpha particles have
the greatest ionising effect, but they cannot pass through many materials.

This means that an alpha source presents little risk, as alpha particles do not
penetrate (pass through) the skin. The problem of alpha radiation is much
greater if the source of alpha particles is taken into the body. Here the radiation
will be very close to many different types of cells and they may be damaged

if the exposure is prolonged. Alpha emitters can be breathed in or taken in
through eating food. Radon gas is a decay product of radium and is an alpha
emitter. It therefore presents a real risk to health. Smokers greatly increase
their exposure to this kind of damage as they draw the radiation source right
into their lungs (cigarette smoke contains radon).

Beta and gamma radiation do provide a serious health risk when outside the
body. Both can penetrate skin and flesh (body) and can cause cell damage

by ionisation. Gamma radiation, as we have mentioned earlier, is the most
penetrating, The damage caused by gamma rays will depend on how much of
their energy is absorbed by ionising atoms along their path. Beta and gamma
amitters that are absorbed by the body present less risk than alpha emitters,
because of their lower ionising power.

In all cases, the longer the period of exposure to radiation the greater the

risk of serious cell damage. Workers in the nuclear industry wear badges to
indicate their level of exposure. Some are pieces of photographic film that
become increasingly ‘foggy’ (unclear) as the radiation exposure increases,
Another type of badge uses a property called thermoluminescence.
Thermoluminescence means that the exposed material will give out light
when it is warmed. The radiation releases energy to make heat so the
thermoluminescent badges give out more light when exposed to higher levels
of radiation. Workers have their badges checked regularly and this gives a
measure of their overall exposure to radiation.

SAFE HANDLING OF RADIOACTIVE
MATERIALS

Samples of radioactive isotopes used in schools and colleges are very small.
This is to limit the risk to users, particularly those who use them ragularly — the
teachers! Although the risk is small, certain precautions must be followed. The
samples are stored in lead-lined containers to block even the most penetrating
form of radiation, gamma rays. The containers are clearly labelled as a radiation
hazard (danger) and must be stored in a locked metal cabinet, The samples are
handled using tongs and are kept as far from the body as possible.

In the nuclear industry and research laboratories, much larger amounts of
radioactive material are used. These have to be handled with great care. Very
energetic sources will be handled remotely by operators who are protected by
lead shields, concrete and thick glass viewing panels. As has been mentioned
earlier, neutron radiation is absorbed by lighter elements and waste materials,
like spent uranium fuel rods from nuclear reactors, are stored under water until
the neutron radiation levels drop to a safe level.

247
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A Figure 24.9 Radioactive samples are A Flgure 24.10 Industrial sources of
stored in lead-lined containers and are radigactivity must be handed with
handied with tongs or protected fingers. @ lot of carg.

The major problem with nuclear materials is long-term storage. Some materials
have extramely long half-lives so they remain active for thousands and
sometimes tens of thousands of years, Nuclear waste must be stored in sealed
containers that must be capable of containing the radioactivity for enormously

long pericds of time.,
CHAPTER QUESTIONS More questions on applications of radioactivity can be found at the end of
Unit 7 on page 255,

m REASOMING 1 The most widely used isotope in medicine is technetium-99m. It has a half-
life of six hours and decays by the emission of low-energy gamma rays and
beta particlas.

‘9 a Explain why the characteristics of technetium-99m make it suitable for
diagnostic use in medicine.

m REASONING b Technetium-99m can be chemically attached to a wide variety of
pharmaceutical products so that it can be targeted at particular tissues
or organs. How can its progress through the body be measured and
monitored?

m REASONING @ 2 Technetium-29m is produced from molybdenum-92 in a device called

a technetium generator. Which decay process — a, [ or y - could cause

_ molybdenum-99 to decay to technetium-99m? Explain your answer.

Look at Chapter 22.
| sKiLLs Rt «ED 3 A radioactive isotope of iodine is used in both the diagnosis and treatment

of a condition of the thyroid gland. This gland naturally takes up ordinary
iodine as part of its function. If a patient has an overactive thyroid it
concentrates too much iodine in the gland and this has serious effects on
the patient’s health.

How might the radicisotope iodine-131 be used to:

a identify an overactive thyroid gland?

b treat the overactive thyroid?

{lodine-131 has a half-life of eight days and is a high-energy beta emitter,)
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m CRITICAL THIMKING 3 4 a Explain the difference between radioactive contamination and irradiation.
b Give an example of a use of iradiation.
il @ 5 Paper is made in a variety of different ‘weights’, with different thicknesses.

How could ionising radiation be used to check the thickness of paper during
production? You should consider the following:

B the type of radiation to be used
B how it will be used to measure the paper thickness

B what checks should be made to ensure that the measurements are
accurate

B safety proceduras,

L AIRE R CRITICAL THINKING & Radiocarbon dating is used to estimate the age of organic (once-living)
materials. It uses a radioisotope of carbon, carbon-14 (C-14).
a How is carbon-14 formed?

o
.1) b Why does all living matter contaln a proportion of C-147
0

& What happens to the proportion of C-14 in an organism once it has died?

d What assumptions are made in the process of radiocarbon dating?

e Why is this rmethod unsuitable for accurately dating material that is more
than 50 000 yvears old?

AN PROBLEM SOLVING 7 Most radioactive isotopes of elements have half-lives that are extremely
short compared to the age of the Earth. The Earth is about 4.5 billion years
old. Radium has a half-life of only about 1600 years.

@ a How many half-lives of radium have there been since the Earth formed?

L HE ANALYSIS Student A says all the radium formed when the Earth condensed out of the
Sun’s atmosphere, should have decayed away to an unmeasurably small

amount by now,
Student B says that it depends on how much there was to start with.

Student C says that there is still a significant amount of radium on the Earth.
a b Which student or students are correct? Give reasons for your answer.
| sKiLLs TR & Anisotope that decays by alpha emission is relatively safe when outside the

body but very dangerous if absorbed by the body, either through breathing
or eating.

a Explain why this is so.
@ b Why is radon-220 a particularly dangerous isotope?
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25 FISSION AND FUSION

Scientists have speculated about the nature of the atom for thousands of years, but it is only relatively recently that our
current ideas were developed. In this chapter you will read about how our ideas about the structure of the atom have
developed over the centuries and how we use nuclear energy to produce electricity.

LEARNING OBJECTIVES

Know that nuclear reactions, including fission, fusion @ Understand the role of shielding around a nuclear
and radioactive decay, can be a source of energy reactor

Understand how a nucleus of U-235 can be split (the Explain the difference between nuclear fusion and
process of fission) by collision with a neutron, and that nuclear fission

i pez rpleas : ac kinetic energv ; ; : .
:.h_'f.i?r{'m_'_:;’ r_f‘tl{""’cs energy as Kinetic energy of the Describe nuclear fusion as the creation of larger
SRR PIOCMGS nuclei resulting in a loss of mass from smaller nucle,
Know that the fission of U-235 produces two radioactive accompanied by a release of energy

i ¥ clei and a s g1 of neutrons : A=t : Lty Rt
daughter nuclei and a small number of neutrons Know that fusion is the energy source for stars

Describe how a chain reaction can be set up if the
neutrons produced by one fission strike other U-235
nuclei

Explain why nuclear fusion does not happen at low
temperatures and pressures, due to electrostatic
repulsion of protons

Describe the role played by the control rods and

moderator in the fission process

NUCLEAR REACTIONS AS A SOURCE OF ENERGY

Muclear reactions involve a change in the qualities of atoms. Heavy atomns

may split into lighter atoms and other pieces in a process called fission. Lighter
atoms may be forced to join together to make heavier atoms in a process
called fusion. In either process, the mass of the starting atoms is greater than
the mass of the products. This missing mass has been converted into energy.

Within the core of the Earth, radicactive isotopes of elements like uranium,
thorium and potassium provide a large proportion of the heat within the Earth
itzalf through radicactive decay.

In the Sun, hydregen is converted into helium in a fusion reaction providing
us with a continuous supply of energy in the form of heat and other
electromagnetic radiation.

NUCLEAR FISSION
Uranium-235 is used as fuel in a nuclear reactor. It is used bacause its nuclei
can be split by a neutron. The process of splitting an atom is called fission.

Uranium-235 is called a fissile material because it goes through the splitting
process easily. The fission process is shown in Figure 25.1.

In the fission reaction, a slow-moving neutron is absorbed by a nucleus of
uranium-235.

-
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A Figure 25,1 One example of fission of uranium-235

The resulting nucleus of uranium-236 is unstable and splits apart, The
fragments of this decay are the two daughter nuclei of barium-144 and
krypton-88. The decay also produces gamma radiation and three more
neutrons. The equation for this decay is:

22U — 'iBa + ZKr + 3 }n + y radiation

The fission reaction produces a huge amount of energy. This is because the
mass of the products, the barium and krypton nuclel and the three nautrons,
is slightly less than that of the original uranium-236 nuclei. This lost mass is
converted to energy. Most of the energy is carried away as the kinetic energy
of the two lighter nuclei. Some is emitted as gamma radiation. The three
neutrons produced by the fission may hit other nuclei of uranium-235, so
causing the process to repeat, as shown in Figure 25.2. If one neutron from
each fission causes one nearby uranium-235 to split, then the fission reaction
will keep going. If more than one neutron from each fission causes fission

in surrounding nuclei, then the reaction gets faster and faster — a bit like an
avalanche.

A 'slow” neutron is a low-energy neutron produced by a nuclear decay. Fastar
Fiowing, mons energetic neutrans do not cause fission.

This is called a chain reaction. Each fission results in more nuclei splitting
apart. If the amount of uranium-235 is small, many of the neutrons released
do not hit other uranium nuclei and the reaction does not get faster and

faster. For a chain reaction to happen there must be a minimum amount of the
uranium-235. This minimum amount is called the critical mass.

In an atomic bomb two pieces of fizsile material (isotopes that can be triggered
into splitting apart) that are smaller than the critical mass are forced together
under high pressure to form a mass greater than the critical mass. The result

i5 a chain reaction with the rapid and uncontrolled release of huge amounts of

energy.
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4 Figure 25.2 A chain reaction in uranium-235

If this is allowed to take place in a nuclear reactor, the reactor core overheats,
resulting in a nuclear explosion with the sudden release of enormous amounts
of heat energy and radiation. In a nuclear reactor the process is controlled

so that the heat energy is released over a longer period of time. The heat
produced in the core or heart of the reactor is used to heat water. The steam
produced then drives turbines (engines) to turn generators. The basic parts of
a nuclear reactor are shown in Figura 25.3.

The reactor core contains fuel rods of enriched uranium. Enriched uranium
is uranium-238 with a higher proportion of uranium-=235 than is found in
natural reserves of uranium. Graphite is used as a moderator. The job of

nuclear reactor vessel sumounded  geaam heat exchanger steam turbine generator or dynama
by a shisld of thick concrele —-

ehamibsesr

- ri sieam
baran Contn o
s 4 chamber

warber out

uranium rods speint
(fuef] steam

graphile core waler
{moderaton)
- watar condenser
staal vessel e — ;
pressurisad
pump  watar (g5 coclant)

A Figure 25.3 A nuclear reactor controls a chain reaction 5o that heat energy is released slowly.
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the moderator is to absorb some of the kinetic energy of the neutrons to
slow them down. This is because slow neutrons are more easily absorbed by
uranium-235. A neutron slowed in this way can start the fission process.

In the nuclear reactor there are also control rods, made of boron or
cadmium, These absorb the neutrons and take them out of the fission process
completely. When the control rods are fully inside the core, the chain reaction
is almost completely stopped and the rate of production of heat is low, As the
control rods are withdrawn, the rate of fission increases producing heat at a
graater rate.

The reactor vessel is made of steel and sumrounded by a concrete layer about
§ metres in thickness. This prevents any radiation escaping, even neutrons.

The nuclear process in a reactor produces a variety of different types of
radioactive material. Some have relatively short half-lives and decay rapidiy.
These soon become safe to handle and do not present problems of long-term
storage. Other materials have extremely long half-lives. These will continue to
produce dangerous levels of ionising radiation for thousands of years. These
waste products present a serious problem for long-term storage. They are
usually sealed (closed) in containers which are then buried deep underground.
The sites for underground storage have to be carefully selected. The rock must
be water resistant and the geology of the site must be stable - storing waste in
earthguake zones or areas of volcanic activity would not be sensible.

Some reactors are designed to produce plutonium. Plutonium is a very
radioactive artificial element, Small amounts of plutonium represent a serious
danger to health. Plutonium is another fissile material. If a large enough mass
of plutonium is brought together a chain reaction will start. Plutonium can be
used in the production of nuclear weapons.

Muclear power stations do not produce carbon dioxide or acidic gases

as fossil fuel power stations do. This means that nuclear power does not
contribute to global warming or acid rain. Only small amounts of uranium

are needed for a chain reaction and the supply of nuclear fuel will last many
hundreds of years — unlike some fossil fuels that could run out in the next fifty
Wears.

NUCLEAR FUSION

mautron
L IET-
S
T

A Figure 25.4 Here a nucleus of deuterivm coflides with a nucleus of tritium. They undergo fusion 1o
form the nucleus of kelium, a neutron and a large amoant of energy.

g ]

4 Figure 25,5 The mass of the products of fuslon is smalier than the two hydrogen nuclel.
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CHAPTER QUESTIONS

GO [N CRITICAL THINKING

LR R REASONING

L (N CRITICAL THINKING

FISSION AND FUSION

Figure 25.4 shows a fusion process that is being used in projects to develop
nuclear fusion reactors. Two isotopes of hydrogen, deuterium (H-2) and
tritium (H-3), collide at very high speed. The result is the formation of a helium
nucleus, a neutron and a large amount of energy. The fusion process is the
energy source of our Sun and all stars.

This process uses materials that are more readily available than the uranium
used in a conventional fission reacter and has the advantage of producing

no radioactive waste, The problem is creating the very high temperatures
needad to make the deuterium and tritium nuclei collide with enough energy
to overcome the repulsive (pushing away) force between the positive electric
charge in the nuclei of each isotope. The high temperature (100 million *C)
liquid must be contained within a very strong magnetic field or ‘magnetic
bottle". In order to increase the chance of fusion between the light nuclei in the
hot liquid, the pressure within the liquid must be very high.

&

w6

(ST

&

More questions on the structure of the atom can be found at the end of Unit 7
on page 255.

1 a Uranium-235 (U-235) is a fissile material. What does this mean?

b If there is a large enough mass of U-235, it may cause a chain reaction.
(This is called the critical mass for the isotope.)

i Describe how a chain reaction may take place when a U-235 nucleus
splits apart,

ii A chain reaction is unlikely to take place if there is only a small amount
of U-235. Explain why this is 50,

2 List two advantages and two disadvantages of nuclear fission as a way of
producing energy.

3 In a nuclear fission reactor, fuel rods made up of a fissile material, like
U-235, are lowered into tubes in a large block of graphite. In between the
fuel rods are control rods made of baron which may be raised out of the
reactor or lowered into it. The reactor container (vessel) is surrounded by
steel and a very thick layer of concrete.

a Explain the purpose of the graphite around the fuel rods.

b Describe what effect the action of raising the control rods out of the
reactor core has on the behaviour of the reactor.

¢ Explain how the workers in a nuclear power station are protected from
the dangerous types of radiation produced by this nuclear reactor.

4 Describe the differences between nuclear fission and nuclear fusion.

Explain why creating energy in a nuclear reactor by fusion is 50 much more
difficult than creating power by nuclear fission.

on
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UNIT QUESTIONS

PROGLEM SOLVING :) n a Which of the following particles has the smallest mass?
A alpha
B neutron
C proton

D electron

(1)
m GRITICAL THINKING 3 b When a radioactiva isotope emits an alpha particle its
A atomic mass decreases and its atomic number decreases
B atomic mass increases and its atomic number decreases
C atomic mass decreases and its atomic number increases

D atomic mass is unchanged and its atomic number decreases
(1)

& The emission of which of the following particles from a radicisotope causes
it to change into the next element in the periodic table?

A positron
B alectron
C neutron

D alpha
(1)

m PROBLEM SOLVING a d A radicactive isotope has an activity of 1000 Bg; after 5 hours its activity
has fallen to 125 Bg. The half-life of this isotope is

A 1 hour
B 75 minutes
C 125 minutes

D 2.5 hours
(1)

CRITIGAL THINKING .a) e Which of the following particles that may be emitted in radicactive decay is
not ionising?
A alpha
B beta minus
C neutron

D beta plus
(1)

(Total for Question 1 = 5 marks)
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PROBLEM SOLVING \D B In the Sun and other stars the temperature and pressure make hydrogen
nuclei fuse together to form heavier nuclel. This process produces a very large

amount of energy, various types of radiation and helium. The steps of this
fusion process are shown in the fellowing nuclear equations.

Balance these equations by filling in the boxes:

a H+H—OH+je (2)
b *H+}H — BHe (2)
¢ OHe + OHe — He+ o +ald (3)

(Total for Question 2 = 7 marks)

3 B Here are descriptions of some nuclear particles:
Particle A has 0 mass and a charge +1.
Particla B has 1 mass and a charge 0.
Particle C has 1 mass and a charge +1.
Particla D has 0 mass and a charge -1.
Particle E has 4 mass and a charge +2.

a State which particle is an alpha. (1)
b State which particle is a beta minus. (1)
¢ State which particle is a positron. (1)
d State which particle is a proton. (1)
e State which particle is a neutron. (1)

(Total for Question 3 = 5 marks)

m CRITIGAL THINKING n Two types of nuclear reactor are used to produce energy. Fission reactors are
already in use in nuclear power plants around the world. Fusion reactors are
still at the experimental stage.

a Explain what is meant by:
i nuclear fission (4)
il nuclear fusion (4)

b In a fission reactor the process of generating energy is a chain reaction
using a suitable fissile fuel like uranium-235.

\“) i Explain what a chain reaction is, and (4)
ii how it be controlled or shut down completely. (4)
(Total for Question 4 = 16 marks)
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UNIT QUESTIONS

Explain the conditions that are needed to cause nuclear fusion. (3)

State two reasons why nuclear fusion reactors may be a better alternative
to nuclear fission reactors. 2)

(Total for Question 5 = 5 marks)

Explain what the letters A and Z tell us about the structure (make up) of the
nucleus of any alement .

X (2)

Here is a list of the type of radiation that may be emitted (given out) by an
ungtable nuclaus:
A alpha B beta C gamma D neutron

i Which type affects A but not 22 (1)
ii Which type affects Z but not A? (1)
iii Which type affects both A and Z7 (1)
iv Which type affects neither A nor 27 (1)

(Total for Question 6 = 6 marks)
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ASTROPHYSICS

26 MOTION IN THE UNIVERSE

HnﬁunnaplanatmlhﬂEmﬂt It is one of many planets that,
_W%Mmhmm%%mﬁmﬁaﬂﬂhmlﬂw
‘Solar System together. These forces cause the planets, -and comets to
orbit the Sun, mmmmﬂmhmﬁmm In this chapter
-mmumﬂhmmmwmmlnmlmm
movements.

In this saction you will need to use kilagram
| (kg) as the unit of mass, metre (m) as the unit of
length, metra‘second (My's) as the unit of spead,
metra'second? [mys®) as the unit of acceleration,
| newton (M) as the unit of force, second (s) as the
unit of time and newton/kilogram (N/kg) as the

| unit of gravitational field strength. | A Figure 26.1 Miﬂﬁid‘m keeps
: these moans in orbit around Jupiter.

= Explain that gravitational force causes moons to orbit = Describe the differences in the orbits of comets,
planets; causes the planets and comets to orbit the moons and planets
SUn; causes artificial satellites o orbit the Earth Use the relationship between orbital speed, orbital

Understand why gravitational field strength, g, varies radius and time period:
and know that it is different on other planets and the orbital radius, r

Moon from that on the Earth F=2 =T x Tfm_eﬁaﬁ"f

THE SOLAR SYSTEM

Figure 26.2 The Earth is one of eight planets thal orbil the Sun. The arbits of the planats are alliptical (an oval shape) with the Sun close to the centre.
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L I:H:::nB..IEETS MOVE INA Figure 26.3 shows a boy swinging a heavy ball around on a wire. To make this
GIRGLE? ball travel in a circle he needs to spin around and at the same time pull on the

wire. Without this continuous pulling force the ball will not travel in a circla.

A Flgura 26.3 a A *pulling' force has to be applied to the ball to make it traval in a circle. b if the wire
breaks or the boy releases the handle the ball fies away.

Planets and comets travel around the Sun. Meons and satellites travel around
the planets. For this to happen there must be forces being applied to them.
There is no string or wire to pull on as in the example above, so where do
these forces come from? In 1687, Isaac Newton suggested his theory of
gravity to explain these movements.

Mewton suggested that between any two objects there is always a force of
attraction. This attraction is due to the masses of the objects. He called this

force gravitational force.

He suggested that the size of this force depends on the:
1 masses of the two objects

2 distance between the magses.

@ 0

weak gravitational
forces

strang gravitational
forces

The greater the masses of the two objects the stronger the attractive forces bebween tham.
i# the distance betwesn the masses is increased the lorces batwean them decreassa.

2d i

-

attractive gravitational force = F attractive gravitational farce = 1F

A Figure 26.4 Gravitational forces obay an inverse square law = that (s, if the distance between
the masses is doubled, the forces between them are quartered; if the distance between tham is
trebled, the forces become one ninth of what they were.

The gravitational attraction between two objects with small masses is tiny.
Only when one or both of the objects has a very large mass — for example, a
moon or a planet - is the force of attraction obvious.

Our Sun is massive. It contains over 99% of the mass of the Solar System. It
is the gravitational attraction between this mass and each of the planets that
holds the Solar System together and causes the planets to follow their curved
paths.




Figura 26.5 Gravitational forces make the planets follow nearly clrcular paths

The planet Meptune is a very long

way from the Sun so the gravitational
force between them is very small. This
means that the orbit of Meptuna is not
very curved and it takes a very long
time far it to complete one arbit.

Figura 26.6 Some ol the many moans of
Salurm.

Those planets that are closest to the Sun feel the greatest attraction and =0
fallow the most curved paths. Planets that are the furthest from the Sun feel
the weakest pull and follow the least curved path.

fwerage distance from Sun Time for one orbit of the Sun
compared with the Earth in Earth years
0.4 2

Mercury
Venus 0.7 06
Earth 1.0 1.0
Mars 15 19
Jupiter 5.0 12
Satumn 9.5 30
Uranus 18 ad
Heplune a0 185

SATELLITES AND MOONS

A satellite Is an object that orbits a planet. There are two types of satellite:
natural and artificial (human-made).

Matural satellites ara called moons. The Earth has just one moon. It is the fifth
largest moon in our Solar System, approximately 340000 km from Earth, and
takes just over 27 days to complete one orbit. Although we call our moon ‘The
Moon’ it is not unigue. Many planets have moons. Some have maore than one,
for example, Mars has two moons while Jupiter and Saturn have mora than
80 each. All moons have circular orbits because of the gravitational forces
between them and their planet.
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Figure 26.7 This satellite ks held in orbit by
ihe gravitational atiraction between it and
the Earth.

Although you will not be asked in your
exam about the “tails of comets’ it is
interesting to know that, close to the
Sum, some of a comet's frozen gases
evaporate to become gases again,
farming a long tail that shines in the
sunlight. Thesa tails can be millions

of kilometras in length, Perhaps the
most famous of the comeats is Halley's
Comet, which visits our part of tha
Sclar System every 76 yvears. It was
last visible from Earth in 1986,

Since the late 1950s humans have been able to launch, and to put into orbit
around the Earth, objects like the one seen in Figure 26.7. These are known as
artificial satellites and are extremnely useful. Some satellites are put into a very
high orbit above the Earth and are used to help us communicate over large
distances, for example, for intermnational phone calls or video links, the internat
and so on. Some satellites are put into a much lower orbit and are used to
monitor in detail the Earth’s surface, such as the temperature of the world’s
oceans or the progress of forest fires,

Comets are large rock-like pieces of ice that orbit the Sun. They have very
glliptical (elongated) orbits which at times take them very close to the Sun. At
other times they travel closa to the very edge of our Solar System.,

very alliptical orbit of comat

Figure 26.8 The speed of a comet varies enormously. They travel at their fastest when they are
very close to the Sun,

Figure 26.9 Halley's comeal could be last sean from Earth in 1986,

GRAVITATIONAL FIELD STRENGTH

The strength of gravity on a planet or moon is called its gravitational field
strength, and given the symbol g. Different planets have different masses and
different radii = both of thesa will affect their gravitational field strengths.

| The larger the mass of a planet the greater its gravitational field strength.,

The larger the radius of a planat the smaller the gravitational field strenagth at
its surface,

The gravitational field strength on the Earth is approximately 10 Nkg whilst on
the Moon it is approximately 1.6 Nha.
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MOTION IN THE UNIVERSE
m Diameter compared Mass compared with Gravitational field
with the Earth the Earth strength//kg
Mercury
Venus 0.8 0.38 g
Earih 1.0 1.0 10
Mars 0.5 010 4
Jupiter 1 20 23
Satum 8 o5 g
Uranus 4 15 9
Neptune 4 17.0 1

On the Moon, the gravitational field strength is only one sixth that of the
Earth's. This means that on the Moon you would weigh six times less. If
however you visited Jupiter you would weigh almost 21z times more!

But hera on
Jupiter | weigh nearly

A& Figuuere 26.10 The difference In one person's wedght on the Moon and on Jupiter

ORBITAL SPEEDS OF PLANETS AND SATELLITES

The orbital speeds of satellites vary greatly depending on the tasks they are
performing. For example, communication satellites are put in high orbits and
travel at approximately 3 km/s, while those observing the whole surface of the
Earth are put into low polar orbits with speeds of about 8 kmi's.

We can calculate the speed of a satellite using the equation:
distance moved, s
® VS T ime taken, t
The distance moved is the circurnference of the circular orbit,

distance moved = 2 = T« orhital radius, r
The time period, T, is the time for one complete orbit.

263
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EXTENSION WORK So 5 T

The orbital period of a communications orbital speed, v= 2 r[_ = - Tlu .

satellite, and most weather satellites, is time period,

24 hours, and it always remains above ve SxTwr

the same part of the Earth's surface. T

Itis said to be ‘geostationary . The same equation can be used to calculate the speeds of the planets, where

is the average distance from the Sun.
i

Remember to use the same units

:‘flﬂf”éﬁ”ﬁrﬁﬂﬁ”m e Calculate the speed of a satellite that is orbiting 200 km above the Earth's
i sk b mn‘im bk b T surface and completes one orbit in 1 h 24 min. The radius of the Earth is
this example, you must multiply both 6400 km.
8.2 km and 6600 km by 1000. Times The radius of the orbit is measured from the centre of the Earth - that is, it is
ghven in hours and minutes need to be the radius of the Earth plus the height of the orbit above the Earth's surface.
comverted into seconds.
radius of orbit, r = 200 km + 6400 km
= G600 Km
= 6600000 m
orbital period, T = (60 min + 24 min) = 60 seconds
= 5040 seconds
orbital speed, v = Ex—;_m
_ 2% x 6600000 m
5040 =
_ 41500000 m
50405
= B200 m/s or 8.2 km/s
CHAPTER QUESTIONS More questions on motion in the Universe can be found at the end of Unit 8 on
page 275,
L ATE CRITICAL THINKING ™ 1a What is the name of the force that keeps all the planets of the Solar
System in orbit around the Sun?
i 4‘ b What two factors determine the size of this force on the surface of a planet.
a ¢ Describe one difference between the orbits of Mercury and Neptune.

Give one reason for this difference.
d Describe how the speed of a comet changes as it orbits the Sun.
2 Describe the differences between the orbits of a moon, a planet and a comet.

PROBLEM SOLVING 3 A satellite is in an orbit 35 786 km above the surface of the Earth. The radius
of the Earth is approximately 6400 km. The satellite is moving at 3.07 km/s.

o # How long does the satellite take to orbit the Earth once? |

v G

HINT
Convert the time period into
hours.

L AN REASONING

b What do you notice about the time period of this satellite?

(4]
=

4 |f the Earth is approximately 150 million km from the Sun calculate the
speed at which the following planets are moving around the Sun. The
information you need is given in the table on page 261.

a Earth b Jupiter

|NE PROBLEM SOLYING
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27 STELLAR EVOLUTION

The Universe is mainly empty space within which are scattered large numbers of galaxies. Astronomers (scientists who
study space and the Universe) believe that there are billions of galaxies in the Universe. The distances between galaxies
are millions of times greater than the distances between stars within a galaxy. The distances between the stars ina
galaxy are millions of times greater than the distances between planets and the Sun.

A Figlre 27,1 Photograph of galaxies of the Universs taken by the Hubbie space tebescope

LEARNING OBJECTIVES

Know that the Sun is a star at the centre of our Solar System Describe the evolution of stars with a mass

Know that the Universe is a large collection of billions of larger than the Sun

galaxies; galaxies are a large collection of billions of stars; PHYSICS ONLY

our Solar System is in the Milky Way galaxy P e - - _
7 : ; Fl Uhﬂﬂmtﬂnﬁnmmunﬂgnmmnfamarata

Understand how stars can be classified according to their  standard distance can be mmﬂd using

colour ~ absolute magnitude

Know that a star's colour is related to its surface temperatura Drﬂ'ﬂ 1I|a.main mm (parts) of the

Describe the evolution of stars of similar mass to the Sun . Hertzsprung-Russell diagram (HR diagram)

through the following stages:

W nebula

B star (main sequence)

B red giant

B white dwarf
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THE MILKY WAY

Our nearest star is the Sun, It is approximately 150 million kilometres from

the Earth. Its surface temperature is approximately 6000 *C and temperatures
within its core are about 15000000 *C. Attractive gravitational forces between
stars cause them to group together in enormous groups called galaxies,
Galaxies consist of billions of stars. Our galaxy is a spiral galaxy called the
Milky Way, We are approximately two-thirds of the way out from the centre of
our galaxy along one of the arms of the spiral.

Figure 27.2 Our galaxy, the Milky Way

Figure 27.4 The colowr of the fight emitted by
this piece of iron tells us how hot it is,

Figure 27.3 Our galaxy takes the shape of a spiral, Hke the one shown
hare.

CLASSIFYING STARS

Even within our galaxy we can see a wide variety of stars (Figure 27.2).

Looking up into a clear night sky, especially if we use a telescope, we can see
that stars are not all identical. They have different colours, different levels of
brightness and appear to be different sizes. Scientists who study the stars in
detail have created classes or star groups based upon these similarities and
differences.

Why are some stars white, some red and others yellow? Surprisingly we can
find the answer to this guestion in a traditional blacksmiths, To shape a plece
of iron without it breaking the iron must be very hot. A skilled blacksmith will
know when the temperature of the iron is high enough simply by taking it out
of the furmace (very hot oven) and looking at its colour. If it is glowing white or
bright orange it is very hot. It it is a dull red it is much cooler and not ready to

be shaped.

In a similar way the colours of stars tell us about their temperatures. A very hot
star emits more blue in its spectrum and therefore looks blue, a medium star
like our Sun looks yellow and cooler stars appear red.
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EXTENSION WORK

Scientists often subdivide thesa
groups into 10 smaller groups by
qiving them a number between 0 and
9. Our Sun is classified as G2 - that
i, it is two-tenths along froma G
star towards a K star. (You will not be
tested on this in your exam.)

. Figure 27.5 It is Impossible to decide which
of these vehicles has the brightest headlights
Just by looking at the photograph

Using the colours of stars and their surface temperatures, scientists have
created seven different groups of stars. These groups are called O, B, A, F, G,
K, M. O and B are the hottest stars and K and M the coolest.

Star classification Surface temperature/K

0 more than 33 000 blug

B 33000-10000 blwe-white
A 10 000-7500 white

F T500-E000 yellow-white
G G000-5200 yellow

K S200-3700 orange

M 3T00-2000 red

PHYSICS ONLY

The brightness of a star

At first there would seem to be little doubt which of these vehicle headlights is

the brightest. But is it really that simple? The cars in the distance might have

brighter headlights but they appear to be dimmer because they are further

away. Also the brightness of headlights in different makes of cars and lorries

could be different!

When we look at the stars in the night sky we have similar problems deciding

which are the brightest.

The brightness of a star depends on a the distance the star is from the Earth

and b what the star is made from and the kinds of nuclear reactions that are

taking place.

As a result there are three different ways in which

astronomers describe the brightness of a star:

| The apparent brightness or magnitude of a star, This is the easiest method
and iz simply a measure of how bright a star is as seen from the Earth.

2 The absolute brightness or magnitude. This is a measure of how bright stars
would appear if they were all placed the same distance away from the Earth,

(This distance that astronomers agreed on, called the standard distance,
is equal to 10 parsecs or 32.6 light years). This is often a better measure of
brightness because it allows scientists to make comparisons between stars.

3 The luminosity of a star. This measures how much energy in the form of light
iz emitted from a star's surface every second,

END OF PHYSICS ONLY
LI M oI 3T B bl Bt L LI e W

Tha brightness of a star depends on:

B the distance the star is from the Earth

B the luminosity of the star - that is, how much ensargy is transferred from the star
each second.

267
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Figure 27.6 Birth of a solar system

i N L T R

Stars like our Sun are formed from large clouds of dust and gas particles we
call nebulae or stellar nebulae. These particles are drawn together over a very
long period of time by gravitational forces. The particles are pulled together
so tightly that there is a very large increase in temperature and pressure. As a
result of this nuclear fusion reactions begin. Hydrogen nuclei join together to
make larger nuclel and huge amounts of energy in the form of heat and light
are released. This incredibly hot ball of gas is a very young star.

THE LIFE OF A STAR

The appearance of a star changes gradually with time. These changes follow a
pattern.

When a star first forms, gravitational forces are pulling particles together. Then
when nuclear reactions begin, the high temperatures create forces that try to
push the particles apart - that iz, make the gases expand. When these two
forces are balanced, the star is said to be in its main stable period. A star in
this main stable period is referred to as a main sequence star (you will learn
why later). This period can last for many millions of years. At the moment our
Sun is in this stable period.

Towards the end of this stable period, there are less hydrogen nuclei and
evantually the hydrogen fusion reactions stop. Gravitational forces are now the
largest forces and compress the star. As the star shrinks in size there is a large
increase in temperature, 5o high that fusion reactions betwean helium nucle
begin. The energy released by these reactions causes the star to expand

to many times its original size. As it expands it becomes a little cooler and
more of its light energy is emitted in the red part of the spectrum. The star is
changing into a red giant.

Sometime later when most of the helium nuclai have fused (joined) together,
new nuclear reactions begin, but now the comprassive or squashing forces are
larger and the star begins to get smaller or contract. This contraction causes
an increase in temperature so the star again changes colour, It now amits more
blug and white light. It has changed into a white dwarf star. The matter from
which white dwarf stars are made is millions of times more dense than any
matter found on the Earth.

Finally as a white dwarf star cools it changes into a cold black dwarf star.
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A star that is much larger than our Sun may follow a slightly differant path at the
end of its life. After the stable period it will expand into a large red supergiant. At
the end of this pericd, as it contracts it becomes unstable. It explodes throwing
dust and gas into space to form a new stellar nebula. This exploding star is
called a supemova. Any matter remnaining will form a very dense neutron star. If
the neutron star has a mass that is approximately five times greater than that of
our Sun or more, it collapses further to become a black hole.

EXTENSION WORK

The gravitational field of a black hole is s0 strong that even light is unable to escape
fromn it. This is why they are called *black holes”.

All the elemants in the periodic table up to iron are formed in stars but elements
Figure 27.8 The final stages for stars with haavier than these are only formed in supermaova explosions.

masses much gréeater than our Sun
PHYSICS ONLY

The Hertzsprung=Russell diagram (HR diagram)

Two scientists, Ejinar Hertzsprung and Henry Norris Russell, separately
discoverad the relationship between the brightness of a star and its surface
ternperature. They created a diagram that shows the relationship betwean the
brightness, temperature and classification of a star.

The importance of this diagram temperatune

is that by finding a star’s J ! T d bl
position in the diagram we then . Rigeis SUPERGIANTS
know its internal structure and | Canopus

at what stage it is at in its life. | »

For example, Sirius lies in the
main sequance belt so it is a star
sirnilar to our 3un and fusion
reactions between hydrogen
nuclei are taking place in its
core, In the next stage of its life -
it will become a red giant. l & o

Rigel is in the supergiants . s
region of the diagram and so Teieta
has already passed through the | o M -f
_ main sequence part of its life. = . 3 _ g
Try ta remember the general fealures The majority of fusion reactions L
of the HR diagram - that is, the shape taking place in its core are
and position of the main saquence between helium nuclei. It will
and the positions of white dwarfs, red eventually become a neutron important tldt-ﬂﬂﬁl..' t can be -.L-:le lo describe the life
giants and red supergiants., star or a black hols., story of a star and lo predict the linal stages of its Iile.

END OF PHYSICS ONLY
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Figure 7.9 The Hertzsprung-Russell diagram is
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CHAFTER QUESTIONS More questions on stars and their life cycles can be found at the end of Unit 8

on page 275,

m CRITICAL THIMKING ;"' 1 a What do we call a large group of stars?
b Why do these groups form?
© What is the name of the group where we live?
o How many other groups of stars do we think exist in the Universe?

ANALYSIS 4\ 2 Using the table on page 267 answer the following questions.
a Describe two properties of stars that belong in classes B and K.
b To which group does a star belong if its surface temperature is 2500 K?

¢ To which two groups might a star belong if it is emitting a lot of yellow
light?

d What range of surface temperatures might this star have?

CRITICAL THINKING d) 3 Explain the difference batween the apparent and absolute brightness of a
star.

'1\ 4 Describe the different stages of a life of a star that is much more massive
than our Sun.

5 a What is a supermova?
b Under what conditions does a supernova occur?

ANALYSIS & In Figure 27.9 you can see two stars named Canopus and Sirius B,
a In which parts of the HR diagram are these stars?
—

b Describe the reactions that are taking place in the core of Canopus.
« Describe the next stage in the life of Sirius B.

nof of
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28 COSMOLOGY

How did the Universe begin? Did it have a beginning or did it always
axist? Will it have an end or will it go on for ever? As scientists
discover more and more about the Universe, they believe they

are getting closer and closer to discovering the answers to these
questions, The first clues to solving these probiems came from
observing explosions like the one shown in Figure 28.1.

M Figure 28.1 This photograph was taken a fraction of a second
atter an explosion, The movement of the particles and ihe
energy released have some similanities to events we can see
in space. Gould this be a clue that suggests that the Universe
started with & “Big Bang'?

LEARNING OBJECTIVES

Describe the past evolution of the Universe and the 1 Use the equation relating change in wavelength,
main arguments in favour of the Big Bang wavelength, velocity of a galaxy and the speed of light:

Describe evidence that supports the Big Bang theory change in wavelength  velocity of a galaxy
(red-shift and cosmic microwave background (CME) reference wavelength  speed of light
radiation) O T e

Describe that if a wave source is moving relative to 7 P

AR obsEFVEr there will be:a change in the observed Describe the red-shift in light received from galaxies at
frequency and wavelength different distances from the Earth

Explain why the red-shift of galaxies provides evidence
for the expansion of the Universe

THE DOPPLER EFFECT

If we look at the stars and galaxies in our Universe using a simple optical
telescope it is impossible to tell if they are moving, and if they are moving
thien how fast or in which direction. If however we look at the spectrum of light
emitted by a star or galaxy we can discover all of the above. We can do this by
using an effect called the Doppler effect (see page 104), first described by an
Austrian scientist named Christian Doppler in 1842.

Before we look at the Doppler effect in space, let us look at some maore familiar
situations where we can observe it

If we close our eyes and listen to the engine of a fast moving car it is usually

very simple to decide if it iz approaching us or moving away, The loudness

of the motor will of course change but so too will the frequency of the sound
A Figure 28.2 A telescope 10 look &t stars we hear. As the car approaches the frequency of the sound produced by its
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approaching and departing

Aa the car approaches,
thie pitch is highdr.

As thea car leaves,
the piteh gels bower,

- |

A Flgure 28.3 An everyday example of the
Doppler effect

COSMOLOGY

motor appears to be high but when it moves away it appears to have a lower
frequency. This apparent change in frequency is called the Doppler effect. The
faster the car is moving the greater this change in frequency.

The Doppler effect is a property of all waves. It happens not only with sound
waves but also with light waves. When astronomers look at light spactra from
distant stars and galaxies they can see the Doppler effect.

Figure 28.4 shows the spectra from four different objects. The first is the
spectrum from our Sun. The dark lines we can see are called absorption

lines. They are the frequencies of light that have been absorbed by hydrogen.
The second spectrum is from a nearby galaxy. Here we can clearly see that the
positions of the dark lines have moved towards the red part of the spectrum.
The third is the spectrum from a very distant galaxy - the lines have moved
even further towards the red. The last spectrum shows the greatest shift for the
furthest galaxy. We call this displacement ‘red-shift". Like the changes in the
frequency of the car engine it indicates a relative motion between the galaxies
and the observer.

the Sun

nearky
galaxy

distant

400

s00
wavalength/nm
A Figure 28.4 Light spectra for four ditferent abjects

Red-shift indicates that the source of the light waves is moving away from the
observer, Blue-shift would indicate that the source of light is moving towards
the observer. We can see why this is the case in Figure 28.5.

a light from a stationary {not moving) star, for exampde, our Sun

b light fram a sinvilar star moving away from the Earth is stretched and
50 has & longer wavelength = that is, we see ned-shift

=

o

G light from a similar star moving towards the Earth 5 compressed and
=0 has a shorter wavedength = that is, we see blue-shift

& Figura 28.5 Demonstrations of Aght from a star moving away from Earth and moving towards it

When we compare the light emitted from all the different galaxies a clear
pattern emerges. Almost all the galaxies emit light with red-shift. The further
away a galaxy is the greater the red-shift and therefore the faster it is moving
away from us. We see exactly this pattern in situations that involve explosions.
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dough rises

& Figure 28.6 As the bun expands the currants
get further apart. Similarty as the Universe
expands the galaxies get further apart.

A Figure 28.7 & map of the cosmic background
radiation, the afterglow of the Big Bang

So scientists now believe that the Universe is expanding and that at some
time in the past, all the matter in the Universe was in one place just before an
explosion. This theory is called the Big Bang theory.

Another way fo imagine the expansion of the Universe is to observe what
happens to the dough and currants in a bun when they are placed in an oven
to cook. Over a period of time the dough expands and the currants all move
away from each other. In this model the dough represents the Universe,
increasing in size as time passes, The currants represent galaxies that are seen
to be moving away from each other as the Universe expands.

THE DOPPLER EQUATION

The equation below shows us how to calculate the speed at which a star or
galaxy is moving relative to us.
change in wavelength, A _ velocity of a galaxy, v
reference wavelength, Ay speed of light, ¢
A=y
Ag

A _ v
;Lu':‘:

EXARMFLE 1

Light emitted by the Sun has a wavelength of 434 nm. A distant galaxy
emits the same light but because of the Doppler effect it has a wavelength
of 482 nm. Calculate the speed at which the galaxy is moving relative to
the Earth. (speed of light = 3 x 10% m/s)

LA _ v
Ay o
_ 44
W= % % 0
=2 =8
=

=(%J:¢3u1ﬂﬂrm’s

= 0332 x 107 m/s

= 33 200 kmv/s

Because the apparent wavelength is longer, this is an example of red-shift.
Tha galaxy is therefore moving away from the Earth,

COSMIC MICROWAVE BACKGROUND (CMB) RADIATION

To reinforce the idea that the Universe began with a Big Bang, scientists
searched for something else that we might connect with an explosion - that is,
the releasa of energy, This energy would be in the form of waves. But as the
Universe expands these waves would become stretched and therefore they
would have much longer wavelengths than before. In fact these wavelengths
were predicted to be so long that they would be in the microwave part of the
electromagnetic spectrum. In the 19605 scientists detected this afterglow

of energy, As was predicted, they are microwaves and can be detected in

all directions in the Universe. They became known as cosmic microwave
background (CME) radiation.

273
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CHAPTER QUESTIONS

SKILLS

SKILLS

SKILLS

REASONING

CRITIGAL THINKING

AEASONING

PROBLEM SOLVING

LOOKING AHEAD — DARK ENERGY

Having found evidence that the Universe began with a Big Bang and is
expanding, scientists are now asking the question, ‘Will the Universe
continue to expand for ever or will gravity gradually slow it down and
reverse the process, pulling all the matter back to a single point {the Big
Crunch)?' The rate at which the expansion of the Universe slows depends
upon how much mass there is in the Universe. The greater the mass the
mare the expansion of the Universe will be slowed.

However, in 1988, observations of a very distant galaxy made by the
Hubble space telescope showed that the expansion of the Universe

had previously been slower. This suggested that the expansion of the
Universe is not slowing but accelerating. Scientists are still not able to
explain this. They have a theory that there is energy in the Universe that

is causing this acceleration. They cannot see it or detect it so it is called |
‘dark energy’”. If you continue to study physics after your Internaticnal

GCSE you will learm more about this. |

Maore questions on cosmology can be found at the end of Unit 8 on page 273.
1 A racing car travelling at high speed passes an observer. Describe the
frequency of the sound produced by the car’s engine heard by the observer
a as the car approaches, and
b as the car moves away.
2 The compression of light waves emitted by a galaxy that is approaching
an observer is called blue-shift. What is the stretching of light waves by a
galaxy moving away from an observer called?

3 How will the light spectra of a distant galaxy differ from that of a very distant
galaxy? Explain what this difference indicates,

4 What two observed features of our Universe suggest that it began with a
Big Bang?

The spectrum of a distant galaxy shows a change in position of absorption
lines of 300 nm compared with the Sun's spectrum. If these lines in the
Sun’s spectrum correspond to a light with wavelength of 600 nm calculate
the speed of this galaxy ralative to the speed of the Earth.

(speed of light = 3 = 10® m/s)
END OF PHYSICS ONLY
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UNIT QUESTIONS

LD comow e < +% 5 a which of the following statements is incorrect?

A Gravitational forces keep our Moon in orbit around the Earth.

B Comets and moons orbit planets.

C Planets orbit the Sun.

D Artificial satellites orbit a planet. (1)
m REASONING ] b Which of the following sequences might be followed by a star that has a

mass much larger than our Sun?

A main sequence, stellar nebula, red giant, white dwarf

B stellar nebula, main sequence, red supergiant, black hole

C stellar nebula, main sequence, white dwarf, black haola

D main sequence, red giant, neutron star, white dwarf (1)
CRITICAL THINKING !') & Which are the most common reactions that take place in the core of a star

that is in the main sequence?

A nuclear fission reactions betwean helium nuclei

B nuclear fission reactions between hydrogen nuclel

C nuclear fusion reactions between helium nuclei

D nuclear fusion reactions between hydrogen nuclei (1)

d Which of the following cbservations does not support the Big Bang theory?
A cosmic microwave background radiation
B blue-shift in the spectra of galaxies
C red-shift in the spectra of galaxies
D accelerating galaxies (1)
(Total for Question 1 = 4 marks)

ED B Copy and complete the following passage about gravitational forces, filling in
the spaces.

Gravitational forces cause planets and to the Sun. The planets
to the Sun, for example, and , expearience the
forces and 2o have the most orbits. The planets from the Sun,
for example, and , experience the forces and so have

the least orbits. The shape of a planet's orbit is not quite Lis

All objects that orbit a planet are called but natural ones are
called_ .

(Total for Question 2 = 16 marks)

e Cionisesome 5% JER)  Aman has a mass of 80kg. On the Earth he weighs 800N, Using the table on
page 263 calculate the weight of this man on the surface of:

a Venus (3)
b Mars (3)
c Meptune. (3)

(Total for Question 3 = 9 marks)
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m PROBLEM SOLVING a n Calculate the speed of a satellite that is orbiting 250 km above the Earth’s
surface and completes one orbit in 2 hr.

(Total for Guestion 4 = 5 marks)

m ANALYSIS B The table below contains information about some of the planets in our Solar
Sysbem.
Surfzce gravity Distance from Sun ; o
compared with the Earth | compared with the Earth
Mercury 0.4 0.4 0.2
Venus 09 07 0.6
Mars 0.4 1.5 19
Jupiter 26 5.0 12
Saturm 1.1 9.5 b
% a Mame three planets that have a weaker gravitational pull on their surface
than there is on Earth. (1)
circumference of a circle = 2mr b How long is a year on Saturn? (1)
m PROBLEM SOLVING s) ¢ If the distance from the Earth to the Sun is 150 million kilometers, calculate
' the distance of Saturn from the Sun. (2)
\9 d Assuming that the orbital path for Saturn is circular, calculate its orbital
speed in km/s. (3)
(Total for Question 5 = 7 marks)
m INTERPRETATION 9 B a Draw a diagram to show the shape of the orbit of a comet around the
Sun. (2)
m REASONING 3 b Describe and explain how the speed of a comet changes as it travels
around its orbit, (4)

(Total for Question 6 = 6 marks)

m INTERPRETATION D Draw the Hertzsprung-Russell diagram. Label the main features and explain
why the diagram is useful for astronomers.

([Total for Question 7 = 12 marks)

s) n What is cosmic microwave background radiation?
(Total for Question 8 = 3 marks)

! m PROBLEM SOLVING 3 B The spectra of two galaxies, A and B, each show a change in the position of
absorption lines of 200 nm and 450 nm compared with the Sun's spectrum.
If these lines correspond to light with a wavelength of 500 nm in the Sun's
spectrum calculate the speed of these galaxies relative to the speed of the
Earth. (speed of light = 3 = 10* m/s)

(Total for Question 9 = 10 marks)
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APPENDIX A: PERIODIC TABLE
o -;E-*ie« ﬁﬁie EEEE siés’ﬁﬁgagﬁgs
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154923 g 5] 430 ]s
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Group
52
Cr
Chromium
06
Mo Mo
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e
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APPENDIX B: FORMULAE AND 10 The relationship between the moment of a force and
F - ' o FUTNVILIL . its perpendicular distance from the pivot:

moment = force x perpendicular distance from the
pivot

T s
EFL 1§ IRIB 1YL 1l
=t AT R | .

PPN 1) J

1 the relationship between average speed, distance
moved and time taken: 11 the relationship between charge, current, valtage,
resistance and electrical powaer:

distance moved
average speed = = n charge = current x time

2 the relationship between force, mass and voltage = current = resistance
acceleration: electrical power = voltage x current
force = mass x acceleration 12 the relationship between speed, frequency and

3 the relationship between acceleration, change in wavelength of wave:

VisGCHY Arime Raen; wave speed = frequency x wavelength
accaleration = chanjge et 13 the relationship between tums and voltage for a
tims taken transformer:

4 the rellat_inns.hip between momentum, mass and input {primary) voltage __ primary turns
echy: output (secondary) voltage ~ secondary tumns
momentum = Mass x velocity 14 the relationship between refractive index, angle of
momentum = m x v incidence and angle of refraction:

5 the relationship between density, mass and volume: . gin i

sinr
Sl volume 15 the relationship between refractive index and critical

G the relationship between work done, force and angle:

distance moved: s ¢ =%

work done = force « distance moved

16 i i ffici ;
7 the energy relationships: the relationship for efficiency

useful energy output

= i = — % 100%
energy transferred = work done efficiency e ®
kinetic enargy = 15 x Mass x speed? 17 the relationship for pressure difference:
: ; j ; ravitational

gravitational potential energy = mass = g = height pressure difference = height = density = ﬁﬂ d strength
B the relationship between mass, weight and n

gravitational field strength: Beixpxg

weight = mass x gravitational fisld strangth 18 “Input powar = oLGpLE power
9 the relationship between an applied force, the area Volo = Vs

over which it acts and the resulting pressure; for 100% efficiency

pressure = force Reproduced from Pearson Edexcel Intemational GCSE in Physics =

area Specification = Issue 1 — June 2016 & Pearson Education Limited 2016
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APPENDIX C: PHYS

AND UNITS

Fundamental physical quantities
T (IS

Physical quantity

length

temperature

current

acceleration

area

density

electrical charge
electrical current

energy (work)
frequency

force
oravitational field strength
moment of a force
momentum

potential difference (voltage)
pawer
pressure

radioactivity
resistanca

speadivalocity

volume

metre (m)
kilometre (km)
centimetre (em)
millimetre (m)
kilogram (kg)
gram (g}
milligram {ma)
second (s)
millisecond (ms)
Kelvin (K)
degrees Calsius/®G
ampere or amp (A)

milliampere or milliamp (ma)
*Sl base units are shown in bold.

Derived quantities and units

mfs?
m:

m?
kg/m*
glem?

goulamb (C)
ampere (A
foube (J)
kilnjoule (kJy
megajoule (M.J)
hertz (Hz)
kilohertz (kHz)
newton (N}
Nikg
Hm
Nem
kg mfs
volt (V)
miillivolt (mV)
watt (W)
Kilowatt (kW)
megawatt (MW)
pascal (Pa or Nim?)
Mfcm?
becuersl {Ba)
ohm ({1
m'y
kmih
o

m?
fitre: {1)

millilitre {mi)

CAL QUANTITIES

All the units used in science are defined by the Systéme
International d'Unités: Sl units.

You will, of course, find measurements of units mada in
subdivisions and multiples of the base unit. For example,
the subdivisions of the kilogram are grams (g) and
milligrams (mg). Metres are subdivided into centimetres
{cm) and multiplied into kilometres (km). You will also be
familiar with other units for time: minutes, hours, days and
years, and so on. You will need to take care to conwvert
units in calculations to the base units of kg, m and s when
you meet these subdivisions and multiples.

Car speedometers (an instrument in a vehicle that
shows how fast it is going) read in kmv'h. Calculate the
equivalent speed in m/s of a car travelling at 40 km/h.

There are 1000 metres in a kilometre so

40 km = 40000 m.

An hour is 3600 seconds, so the car travels 40 000 m
in 3600 s.

in one second the car will travel
5040 kméh = 11.1 m's

40000 m
3800s

Usain Bolt, current world record hokder for the 100 m sprint, averaged
1043 mifs aver his record-braaking 100 m.
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Your investigative skills will be tested by some of the
questions in your examinations. This section summarises
some of the skills you may be asked about.

The examination papers will test your ability to do some
of thesea things:

B describe the method for an investigation
B take measurements

B record results in tables

¥ plot graphs to show results

B analyse results

B avaluate data.

You will learn these skills during practical work throughout
your course, This Appendix provides some reminders of
the kinds of skills you need. The main chapters in this
book contain descriptions of various experiments and it
might be helpful to look back at these as wall.

METHOD

The method for a practical investigation is a list of
instructions for carrying out the investigation. In an exam
you may be given a list of apparatus and asked to describe
how to use it to investigate a particular question. When you
are writing a method, it is important to describe all the steps
in the correct order. The person marking the exam paper
cannot watch you doing the experiment — if you do not
describe a step they will assume you have forgotten about it.

RELIABLE EVIDENCE

In many of the investigations you have carmed out, you

will have been asked to repeat readings and use a mean
value when platting a graph or writing your conclusion. By
repeating results you can find out how reliable your evidence
is (see more on this on page 283), and spot any mistakes.
Your method should explain that you will repeat each
measurement, and that you will discard any anomalous
results (ones that do not fit the pattem) before finding a
mean value. You should also explain why you would do this,

For some experimeants you do not need to take repeat
measurements of the same thing. For example, you
might be finding out which type of insulation works best
by measuring the temperature of hot water in insulated
beakers. In this case, you can measure the temperature
of the water every minute for 10 or 20 minutes, and plot
a line graph of temperature against time. You will be able
to spot any anomalous results because they will not lie
on the line formed by most of your readings. You do

not need to repeat the whole experiment several times.
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However you do need to explain this in your method -
the person marking your paper will not just assume you
understand why drawing a graph like this is useful.

SAFETY PRECAUTIONS

You may also be asked about safety precautions you
would take when carrying out an investigation. The safety
precautions depend on the type of investigation, but
these are some of the things you should think about:

® if you are using weights, make sure they cannot fall
and land on your feet

B make sure any clamp stands are fastened to the bench
so they cannot overbalance

B if you are stretching wires or other objects that might
break and spring back, wear eye protection

® if you are using electricity, make sure you are using a
low-veoltage source

B if you are using water, make sure that any spills are
mopped up so you do not slip

B if you are projecting (firing) an object such as a ball
bearing or an arrow make sure that no one is in the
area and that an adequate absorbent target is in place

B if you are describing the use of radioactive materials
make sure you know how they should be handled and

stored safely

B if you are timing the descent of an object such as a
maodeal parachute make sure that any chairs or other
fumniture are out of the way.

Remember that most investigations and practicals are
quite safe, and so safety precautions can also refar to
care of the apparatus. For example:

B not stretehing a spring too far so that it goes beyond
its elastic limit

® if you are using electricity to heat something such as
fuse wire use a heatproof mat to protect the bench and
do not touch hot wires.

MEASUREMENTS

UNITS

Measurements are a key part of investigations, but they do
not mean anything unless you also give the units. A length
of “15' could mean 15 mm, 15 em, 15 m, or even 15 km!

RECORDING RESULTS

Results should always be recorded in a table. The factor
that you change in an experiment usually goes in the first
column. This table shows the results for an experiment
to investigate how the current changes when you change
the length of a piece of wire in a circuit.
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you are gaing Current/a you will be

o be testing, TRASURING.

5o it goes in the 10 5

first column. 2 ke mvnyapm in
These are the 30

lengths of wire a0 Usa a ruler
you will be i ——— Wien you draw
testing. 50 straight linas.

Sometimes you need to record measuraments in more
than one situation. If you wanted to record current in a hot
wire and a cold one, your results table might lock like this:

The heading
engnor | Coron [Bether
wiretem ot o coumns

undermeath it.

10
20
30
40
50

DEPENDENT, INDEPENDENT AND CONTROL
VARIABLES

In an investigation we often want to find out if one
physical quantity is dependent on another physical
quantity and if we are able to describe the relationship
ejther on a graph, in words or mathematically.

An example would be to investigate whether the electrical
resistance of a piece of wire is dependent on its length,
Here the dependent variable would be the resistance

of the length of the wire and the independent variable,

the one we would change for each measurement of the
rasistance, would be the length of the wire, We would
naead to be awara that other physical quantities might
affect the resistance of the length of wire, for example,
the termperature of the wire. This is an example of a
control varable; we would check the temperature of the
wire and its surroundings throughout the investigation to
make sure it did not change. If the temperature of the wire
changed it would make our conclusion about how the
resistance of a wire depends on its length invalid.

Can you think of any other variables that might affect
the resistance of a length of wire that would need to be
controlled (kept the same) during an investigation of how
the resistance of a wire depends on its length?

A student wants to find out how the voltage output from
a PV (photovoltaic) cell depends on the angle it makes to
the direction of light shining on it.

a State which quantity is the dependent variable and
which is the independent variable.

b1 What other quantities would need to be kept the
same during the investigation?
i What do we call these variable quantities that must
be kept constant during this investigation?

GRAPHS

Graphs are a very useful way of presenting results. A
graph allows you to find patterns in results and also helps
you to spot any results that may not fit the pattern. The
graph below shows the results of an experiment to find
the length of a spring with different weaights on it.

Plot the points with Tile
small, neat crosses >
*  Length of a spring with different weights
Numbers must L e e T T R R e
spaced. (ERT e
204
% 2.0--
104 S _ :
Gmﬂ'ﬂdﬂm‘t _____: ... Pt
alwiays start at T -
Zero. 0 1 2 3 4 5 & 7
= waight™ -
Label the axis, to show Put units with
what the numbers mean. vour labels,

You should normally draw a straight line on a graph that
goes through as many points as possible. This is called a
line of best fit,

Diraw this...

Temparature of water

E
x

v

time/minutas
Mot this...
Temparalure af waler

temperature™C

temparatura™C

X

timeaminues
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However, a straight line is not always the best way of
joining the points, You do need to think about what the
results are showing you.,

This is a fine of

best fit for the first  Temparat { water

part of the graph. imipladate This iz the lina
, of best fit for the

last few points.

temperaturaC

. Join tha two lines
with a smeath cung,

tima‘minutes

How runny is treacle at
different temperatures?
- Thiz is NOT the
- bast line to draw
LT " an thig graph,

time for ball to dropds

/ lemperatere™C
Draw a smooth curse through these
points. This i5 a curve of bost il

You can use a graph to spot mistakes - if all of your
results except one lie close to either a straight line or a
smooth curve, that result is likely to be wrong, You may
have made a mistake when taking the measurement, or
you may have written it down incorrectly or incarrectly
calculated a derived guantity such as acceleration.

You should try to work out why that result is wrong, so
that you can suggest improvements to your method to
improve the accuracy of your results.

SKETCH GRAPHS

You may sometimes be asked to sketch a graph to
show the results. A sketch graph shows the relationship
between two variables without showing numbers. For
example, you might be asked to sketch a graph to show
what happens to the current in a wire when you increase
the valtage. Your graph might look like the one below.

The slope of the Ene
_ shows that current

Increases as voltage

increases.

ciimant

You nead to label the

axes, However, thara

Arg NG NUM s, S0
—— you dio not need units.

nf"ﬂ o
P vuﬂagg o
T

Think abowt whether tha line should go thiough the orgin. In this
casa, thara is no voltage, 5o the line show'd go thraugh the origan,

You may sametimes need to include units on a sketch
graph, if more than one possible scale could be used. For
example, if you were asked to sketch a graph to show
how the pressure of a fixed volume of gas varies with
temperature, either of these graphs would be correct.

Vaa

tempearatura/i U temperature™C

ANALYSING RESULTS

In some investigations you may have to camry out
calculations on your results. For example, if you ware
investigating how the resistance of a wire dependead on
its length you would need to calculate the resistance from
current and voltage measureaments. When you show the
results of your calculations, you should always give your
result to an appropriate number of significant figures. The
following examples should make this clear.

The current and voltage in the first table are both measured
to two significant figures (2 sf). In this case, it means that the
voltage is accurate to the nearast 0.1V and the current is
accurate to the nearest 0.01 A, Whean you divide the voltage
by the current to get the resistance, you get nurmbers with
lots of decimal places. If you just write down the whole
answer as displayed on your calculator, this implies that
the answer is more accurate than it is. For example, the

last column in the table implies that the resistance value is
accurate to the nearest 0.000 00001 ) and this is obviously
not the casa!

0.24
4.0 0.51 ?.34«313?25
6.0 0.85 7.05882353

The results of calculations should be given to the same
number of significant figures as in the measurements used
to calculate them. If your answer has more significant
figures, then you need to round your answer. The table
below is a better way of presenting these results,

Voltage/V Current/A

20 0.24 B3
40 051 7.8
6.0 0.85 7.
WRITING A CONCLUSION

You may be asked to write a conclusion for a set of
resultz, or to comment on a conclusion that is given,
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For example, this graph shows the results of an experiment
to test different insulating materials. The student coverad
two boiling tubes of water in different materials and
measured the temperature every minute.

This is the conclusion the student wrote for the insulating
materials investigation:

Tempearature of water with different insulation

- — bubble wrap
; — gatton woal

lermpentune™C

i} 1 2 3
tima/minutas
The whader in the fube coveresd Decotfon woal conled from 77.°C
fo G2 "0, whidh L 15 "C. The woter by ghe tube covered i
bubkle wrap cooled from 77 °C 20 63.F °C, which is 13.5 "C. The
bubble wrap kept the water warmer, 50 If 05 the best Innalaton

This conclusion is comect, but it is not the best conclusion
that can be drawn from these results. The point about
drawing a line of best fit through the peints on a graph is
that it evens out any erors in measurements. A better way
to consider these results is to look at the lines on the graph
= the line for cotton wool iz steeper, showing that the water
in this tube is cooling down fagter than the water in the
tube covered in bubble wrap.

You may also be asked to compare a conclusion with a
prediction made before the investigation. Remember to
read what the prediction said, and to clearly say whether
of not you think the prediction has been shown to be
correct. You should also explain why you think this.

EVALUATION

Evaluation means deciding how accurate and reliable
your results are. In the examination, you may be given a
set of results and asked to commeant on them.

You may be asked to identify any results that do not fit
the overall pattern.

You may be asked to comment on how precise or reliable
the evidence is, or how to improve the accuracy or
reliability of the results.

PRECISION

'‘Precize’ means that things have been measured as
accurately as possible. Particularly where the guantities

being measured are small, the measurements should be
taken with the most accurate equipment possible, For
example, if the experiment described involved measuring
very small cuments, you might suggest that the results could
have been more precise if a miliammeter had been used
instead of an ammeter. Just saying something like Take
more care with the measurements’ will not gain any marks!

The accuracy of measuremnents can be quite poor if
human reaction times are involved. For example, if
someone is timing how long it takes for a pendulum to
complete one swing, they need to start and stop the stop
clock as they see the pendulum passing a particular point
on its swing. You could suggest two different ways to
improve the accuracy of this measurement:

B Use a light gate and data logger to measure the tims -
this would remove any ermors due to human reaction time.

B Measure the time it takes the pendulum to complete
10 swings, and then divide the total time by 10 to find
the time for one swing. There may still be an arror
due to human reaction timea here, but the error will be
spread out over many swings, so the error on the time
for one swing will be much smaller.

RELIABILITY

‘Reliable’ results mean that if the measurements are
repeated, the same result should be obtained. You can
see how reliable a set of resuits are by comparing three
or more measurements, If the results are close to each
ather, then the evidence is probably reliable.

The graph of the results of the insulation experiment
shows a different way of checking reliability. In this
investigation only one set of results was taken for the
each type of insulation. Howewver, because the rasults can
be plotted on a line graph, you can use the closeness of
the points to the line of best fit on the graph to judge the
reliability. In this case, most of the results look reliable,
bacausea they are close to the lines of best fit.

MAXIMISING YOUR SUCCESS

The very best way of revising for the exam at the end

of your course is to work through past papers set by
your examiners, looking especially at the most recent
ones. You need to check your answars against the
published mark schemes and against the comments in
the Examiners' Reports. The Examiners' Reports are
particularly useful for these practically-based questions,
as what they are looking for isn't always obvious.

This book was written for the new Edexcel International
ZCSE Physics specification (syllabus) to be examined

for the first time in 2019, and so in the early stages there
will be a shortage of past papers tied directly to the new
specification. In that case, you will have to look instead at
the questions set in similar exams in the past.
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relevant data or information, Come to a
supported judgement of a subject's guality
and relate it to its context.

Command | Definition Command | Definition
word word
Add/Label | Requires the addition or labelling of a Explain An explanation requires a justification/
stimulus material given in the guestion, examplification of a point, The answer
for example labelling a diagram or adding rmust contain some element of
units to a table. reasoning/ustification - this can include
Calculate | Obtain a numerical answer, showing maEtAnTatizal Sptanations.
relevant working. Give/State/ | All of these command words are really
Comment | Requires the synthesis of a number of Mame synonyms. They _ag&nerall;.!a all r&qn,:_ira recall
judgemeant. Give a When a statement has been made and the
Complete | Requires the completion of a table/ reason/ requirement is only to give the reason(s)
diagram. reasons why,
: ldentify Usually requires some key information to be
Draw/reach concl nis) from the
e in:;"matinn m;du:f ® selected from a given stimulus/resource.
Describe | To give an account of something. Justy Glvg Wdam_:ﬂ tﬂ_suppurt :aitlhar 10
Statements in the response need to be Etat_amant given in the question or an
developed, as they are often linked but earlier answer).
do not need to include a justification or Plot Produce a graph by marking points
resason. accurately on a grid from data that is
Determine | The answer must have an element that is pmwd:d and then d’a: a line of best fit 5
quantitative from the stimulus provided, through these P“"‘I"E suitable ﬁ‘ﬁbﬂ : ;”
or must show how the answer can be appropriately labelled axes must {',” uded
reached quantitatively. To gain maximum if these are not provided in the question.
marks, thers must be a quantitative Pradict Give an expected result.
Seiment 1o e answer Show that | Verify the statement given in the question.
Deeign | Plan or invent a procadure from existing Sketch | Produce a freehand drawing. For a graph,
principlesfideas. this would need a line and labelled axes
Discuss Identify the issualsituation/problem/ with important features indicated. The
argument that is being assessed within the axes are not scaled.
fuieation. , o State what | When the meaning of a term is expected
Explore all aspects of an issue/situation/ ismeant | but there are different ways for how these
protim/ argument. by can be described.
Investigate the issua/situation ete. by -
reasoning or argument. Suggest | Use your knowledge to propose a solution
Dra Produce a diagram either using a ruler or i Tl el ORI
L freehand. 9 e \erb proceeding a command word
Estimate | Find an approximate value, number or Analyse | Examine the data/graph in detail to provide
quantity from a diagram/given data or the data/ | an sxplanation.
through a calculation, gxmg‘i':‘“
Evaluate Review information (for example, data, o - - -
methods) then bring it together to form a Multiple-choice questions
conclusion, drawing on evidence including What, Why | Direct command words used for multiple-
strengths, weaknesses, alternative actions, choice guestions.




GLOSSARY

absorption absorption is the opposite of reflection: soft
foam surfaces absorb sound, matt black surfaces absorb
light and heat

accelerating getting faster, increasing velocity
acceleration the rate of increasing velocity

alternating voltage a voltage that is continuously
changing in value and direction

amplitude the maximum distance moved by a vibrating
object from its equilibrium position

angle of incidence angle betweaen the incoming ray
and the normal

angle of reflection angle betwean the reflected ray and
the normal

angle of refraction angle between the refracted ray
and the normal

apparatus equipment used in investigations and
experiments

applications uses

asteroids small rocky objects orbiting the Sun, mostly
found betwean the orbits of Mars and Jupiter,

atoms small particles from which everything is made
attract pull together

bacteria single-celled organisms, some types of which
cause iliness

calories unit of energy no longer used axcept in
measuring the amount of energy in food

cells sources of electrical energy

cireuits in electricity and electronics, complete
conducting paths for electricity; circuit is sometimes used
as a term for electronic apparatus

collision two or more moving objects hitting each other

comet object often made of ice and rocks that orbits the
Sun in an elongated orbit

compressed squeezed into a very small space
compression squashing together

conduction thermal conduction: the movement of heat
through a solid; electrical conduction: the movement of
electric charge through matter

conductor a material that allows electricity to flow
through it easily
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control rods rods used in a nuclear reactor to slow
down or stop a nuclear chain reaction

convection the movement of heat in a fluid (that is, a
gas or liquid) as the fluid expands and rises when warmed

core the centre of something as in, for example, the
Earth's core

decelaration getting slower, decreasing velocity
deflected made to change direction
diameter the width of a circle, cylinder or sphere

dimmer switch a device used to alter the brightness of
a bulb or light

displacement the distance a particle has moved from
its equilibrium (undisturbed) position

diszolves broken down into tiny particles or molacules
by the action of a liquid, for example, sugar dissolving in
water

Doppler effect the change in frequency (and
wavelength) caused by the relative movement of the
source of the waves or the observar

drag coefficient a measure of how easily an object can
move through a fluid (liquid or gas)

electrical insulators materials that do not allow electric
current to pass through them

electrode a metal plate or rod by which electricity can
enter or leave an electrical device

electromagnetic spectrum family of waves including
radio waves, microwaves, infrared waves, visible light,
ultraviolet and x-rays

elements in chemistry: pure substances made up of
only one type of atom; in general use: part of something

emission something emitted from a system
emitted given out

evaporate change from a liquid into a gas (usually ata
temperature lower than the beiling point of the liguid)

exerted acted on

filament coil of wire in a bulb that glows when electricity
passes through it

fission the breaking up of an atom into smaller parts

flex wire



force apushorapull

fossil fuels substances used to pravide energy when
burned that have formed aver millions of years from dead
animal or vegetable matter

fraction a part of, sometimes represented
mathematically as a ratio of a smaller number over a
larger number, for example, & for a half

frequency the number of waves or vibrations mada
each second

friction a force betwean two solid surfaces trying to
move across each other that tries to stop movement
happeaning

fusion reaction whean the centres of atoms (nuclei) join
together

generator a device that transfers mechanical energy to
electrical energy - that is, a source of electrical energy

alows  emits light
gradient the slope of a line or surface

gravitational field strength how great the effect of
gravity acting on an object is, usually given as force per
unit mass

gravity the force that objects with mass exert on each
other

half-life the length of time it takes for the activity of an
amount of a radicactive substance to halve

halogen light bulb a light bulb that contains a small
amount of a halogen such as ioding or bromine

heating elements coils of wires used to transfer
electrical energy to heat energy

hemisphere half a sphere, as in the northern hemisphere
referring to the part of the Earth above the equator

hydroelectric power electrical energy produced from
the energy in water stored high above ground level in
mountain lakes and reservoirs

induced created, caused, produced

inkjet printers printers that create an image by
directing droplets of ink onto paper

insulator a material through which it is very difficult or
impossible for electricity to flow

inversely proportional something varying such that
it decreases by equal amounts as some other factor
increases by equal amounts

kinetic energy the type of energy that a moving object
stores
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light emitting diedes (LEDs) a material that gives off
light when current passes through it

light gates electronic systems that are used to switch
something on or off, like a digital clock when a light beam
between a light source and a detector is broken

lonoitudinal wave the vibrations of these waves are
along the direction in which the wave travels

magnetic field a place where we can detect magnetism

magnification how many times bigger, for example, a
magnification of two indicates it is twice as big
mass the amount of matter in an object; that property of

an object that determines how easy it is to speed up or
slow down

metric ralated to a system of units of measurement
based on kilagrams, metres and second, for exampla, SI
units are meatric

modarator a material used in nuclear reactors to make
neutrons move maore slowly

molecules groups of atorns joined together

negatively charged has more negative charges than
positive charges

non-porous a material that does not allow liquids to
pass through it

non-renewable an energy source that will not last for ever,
for exarnple, a fossil fuel like coal will run out eventually
normal (the) aline at 80 degrees to the surface

nuclear to do with the nucleus of an atom, for example,
the forces that hold neutrons and protons tightly together
in the nucleus is a nuclear force

optical telescope an instrument that we use to see
distant object using visible light

orbit the path of a planet around a star or a satellite
around a planet

orbital speeds the speeds of objects as they circle
other objects, for example, the Moon going around the
Earth

ore many chemical elements are bound up with other
elements in rocks; these rocks are called ores

oscilloscope a device used to cbserve waves and
vibrations

ozone layer a layer high above the Earth's surface that
contains lots of ozone (O;)

parabola a particular shape of curved surface used to
focus light, heat, radio waves, and so on, to a particular

paint



parallax error not reading a scale on a ruler or other
measuring instrument by looking at the scale straight on
(at right angles to the scale)

penetrating power the measure of the ability of a wave
to travel through objects

perpendicular upright or at right-angles (90 degrees to
something)

phenomena events, oCCUmences

photosynthesis the process in green plants that uses
light from the Sun to produce energy for the plant to grow

photovoltaic cells devices that transfer anergy from
light (typically the Sun) into electrical energy; used in
renewable energy projects; not to be confused with solar
heat exchangers that transfer heat from the Sun to water,
allowing energy to be stored in tanks of heated water

pitch [of a sound) the interpretation of the frequency of
a sound by a person’s brain/ear

pivot the point around which something can tum or
rotate

plugs and sockets the most common way to obtain
electrical energy from the mains supply

polarity term used to describe which parts of a magnet
are north or south or which parts of an electrical circuit
are positive and negative

prisms transparent, triangular shaped pieces of glass or
plastic

proportional something varying such that it increases
by equal amounts as some other factor increases by
equal amounts

guartered decreased by a factor of 4, that is, ¥ of the
ariginal

radisactive having an unstable nucleus that will emit
particles and waves to achieve a more stable nucleus

radioisotope isotope of an element that has the same
number of protons in the nucleus but different numbers
of neutrons; a radicisotope is unstable, radicactive; also
called radipactive isotope

ratio away of comparing the quantities of things, for
example, a ratio of 3:1 means there is three times the
amount of one thing compared to the other

reaction the response to an action; in physics, reaction
i5 the equal force that acts as a result of an action force,
equal in size but opposite in direction

rectifier cireuits circuits used to change alternating
currents into direct curments

red-shift emitted waves have their wavelength
increased, that is, moved to the red end of the spectrum
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refractive index a measure of the change in speed a
wave experiences when it travels across the boundary
between two media, e.g. air and glass; the index alzo
describes how much the direction of the wave changes;
n = sinifsinr

relative charge the charge compared with the charge
on an alactron

renawahble used to describe energy supplies that will
not be completaly used up in time like the energy from
the Sun, wave energy, wind energy, and so on.

repel push away
repulsive forces forces that push away from sach other
resistance the difficulty current experiences in a circuit

resultant force the total effect of two or more forces
acting on an object; sometimes refarred to as an
unbalanced force

rotate to tum or spin about an axis {central point)
rotating turning

scanned looked at over an area, as in scanning pages
from a book in a photocopier

solenoid along coil

sonar method of using sound waves to datect objects
and measure theair distance

spiral galaxy a very large group of stars that forms a
spring-like winding shape

sguarad in maths, something multiplied by itseif
sterilised made free of dirt and bacteria
sterilise remove all bacteria and germs

stroboscope apparatus that produces short bright
flashes of light at regular intervals (that is at a known
frequency, flashes per second); the apparatus allows the
frequency to be varied; used to allow a series of images
of a moving object to be captured photographically or to
determing the speed of rotating objects

subtract take away from
sum the result of adding things together

terminal velocity the maximum speed that a moving
object is able to reach

thermal relating to heat; also used to describe upward
air currents called convection

thermistor a conductor whose resistance changes a lot
when its temperature changes

thrust a type of pushing force, like the thrust of rocket
motors



time period time needed to make one complete wave
or vibration

tracers the use of substances that can be detected to
show the movement of liquids through a persen’s body or
pipes in machinery

transformer device used to change alternating voltages

transverse wave the vibrations of this wave are at right
angles to the direction in which the wave is moving

trebled increased by a factor of 3, that is, 3 = the
original
tuning ferk a steel instrument that when it vibrates

produces sound wawves of a constant frequency and
wavelength

unbalanced force non-zero resultant force

unstable likely to change; referring to an object it means
to tip ovar; in the case of a radicactive isotope it means to
emit particles that change the make-up of a nucleus

upthrust an upward force acting on something; an
abject in a liguid or gas will have an upward force acting
on it called the buoyant (to do with floating) upthrust

vacuum containing no matter at all; the space between
stars is a nearly perfect vacuum; a vacuum flask has a
gap around the inner container that is completely emptisd
af any matter

vertical upwards, at right angles to the ground
vibrate move continuously back and forth
visible light waves that can be detected by the eye

voltage amount of energy transferred to each coulomb
of charge that passes

wavelength the distance from one point on a wave to
the same point on the next wave

waves vibrations which camy or move energy
weight the force of gravity acting on a body

weightless the condition in which a body does not
experience the force we call weight; if you stand on
weighing scale in a lift that is accelerating toward the
Earth at 10 m/s? the scales will show that you weigh
nothing - this is just one way in which weightlessness can
happen



INDEX

A
ABS 32
absolute zero 139, 185-91
absorption lines 272
acceleration 9-11
distance-time graphs 6
equations of uniformly accelerated
motion 14-15
forces and 29-33
mass and 29-33
measuring 1011, 12
momentum and 41-2
uniform 11
units 9
velocity-time graphs 12, 13
accuracy 283
acid rain 159-60
action and reaction forces 46-7
afterglow 273
air pressure 177
air resistance 20, 35-6
aircraft
static electricity 91-2
unbalanced forces 28
alpha (a) decay 227
alpha (o) radiation 224, 226, 247
alternating current (a.c.) 65
alternating voltage 65
alternator 206, 210, 214=15
ammeter G8-9
amperas/amps (&) B9
amplitude 29
angle of incidence 102, 114
angle of reflection 102, 114
animals
keeping warm 148
radiation in 235
antiglectron 225
anti-lock braking system 32
antimatter 225
antineutring 225
artificial radiation 235
artificial sateliites 282, 263-4
atmospheric pressure 179

atomic bomb 251
atomic mass (&) 222, 227
atomic notation 222-3
atomic number (£) 222
atoms 222-3
charges within 85
nucleus 85, 221
splitting 250
sub-atomic paricles 221-2
audible range 123, 127
aurpra borealis 196
average spead 4-5
average velocity 7

B

background radiation 234-5
balanced forces 21, 47, 50-1
balioon experiment 87
bar magnets, magnetic field patterns
199
barium-144 251
barometer 178
batteries 69-70
beam, forces on 53
becqueral (Bg) 233
Becquerel, Henri 220, 233
bails
electric 203
Galileo's experiment 10=11
beta (B) decay 228-9
beta (B) radiation 224-5, 226, 247
bicycles
brakes 32
dynamaos 135, 211
reflectors 120
Big Bang theory 273
binoculars 120
birds 148
black dwarf star 268
black hole 269
blue-shift 272
body scanners 242
Boulton, Matthew 155
Bovle, Robert 187-8

INDEX 289

Boyle's law 183
brakes 32

braking distance 33
Erown, Robert 181
Erownian motion 181

C

canmeras
gamma ray 241, 243
lenzas 103
thermal imaging 108, 143
cancer 110, 111, 235, 242, 247
carbon
atomic notation 223
isotopes 223
carbon-14 228, 235, 245, 246
carbon dioxide 145, 159, 245
cars
brakes 32
collisions 31, 45
energy transfer 134
reflectors 120
safety 45
Sankey diagram 136-7
static electricity 22
stopping distance 32-3
cataract 113
caterpillar tracks 176
cavity walls 146
cell mutations 111, 247
cell voltage 69-70
centre of gravity 51-3
chain reaction 251
charges
in an atom 85
glectric 68, 84-82
forces between 86=7
forces between charged and
uncharged objects 87-8
friction and B5-6
induced 88
Chernabyl 235
cigarette smoke 247
cirguit breaker 59, 61, 204



circuit diagrams 71
circuit symbols 71
circuits
parallel 72-3
rectifier 81
fng main 56-60
serigs T2-3
clothing
as insulation 142, 147-8
static electricity 92
coal 159
coal-fired power stations 165
coils
altermnator 215
electromagnetic induction 210-11
moving coil loudspeaker 208
primary 212
sacondary 212
solenoid 202-3
transformers 212
coin-throwing experiment 2386-7
collisions
deceleration 31, 45
momentum 43-4
comets 262
command words 284
compass 198
conclusion 282-3
conduction
electrons 68
superconductivity 82
thermal 139-40
conservation
of energy 135-6
of momentum 43—
control rods 253
contral variable 281
convection 140-2
convector heaters 142
copper 140
cosmic microwave background
radiation 273
cosmic rays 235, 245
cosmology 271-4
coulombs (C) 69
cranes 51
critical angle 117, 118
critical mass 251

crumple zones 45
current
alternating {a.c.) 65
convection 140-1, 142
direct (d.c.) 65, 70
elactric 68
heating effect 63
magnetic field 201
measuring 658-9
parallel circuits 73
series circuits 73
voltage and 77-8
cycling see bicyclas

D

dark energy 274
daughter nuclide 246
decay 224
alpha (a) 227
beta (B 228-9
exponential 237
gamma (y) 230
neutron 229-30
products 235
radicactive 236-7
serigs 246
deceleration 10
collisions 31, 45
delta (&) 184
density (p} 173-5, 182
dependent variable 281
depth and pressure 178
deuterium 223
diagnosis of disease 241-2
dimmer switch 79
diodes 78, 81
direct current (d.c.) 65, 70
direct voltage 65
displacerment &-7, 14
distance
moment of a force 49
standard 267
stopping 32-3
velocity=time graphs 13-14
distance-time araphs 5-6
door opening 48-9
Doppler effect 104, 271-3
Doppler equation 273

280 INDEX

double glazing 147
double insulation 62
drag 20, 35-6
coefficient 35
dynamos 135, 211

E
Earth
gravitational field strength 34,
262, 263
natural backaround radiation
235
arbiting the Sun 259, 261
earth wire 60, 61
echo sounding 125
efficiency 137, 145=7
Einstein, Albert 37, 230
elastic bands 23, 25
elastic limit 24
elastic potential energy 134
electric bell 203
electric charge 69, 84-22
electric curment 68
alternating (a.c.) 65
direct (d.c.) 65, 70
heating effect 63
magnetic field 201
measuring 68-9
parallel circuits 73
series circuits 73
voltage and 77-8
electric light bulbs
currentvaltage graph 78
heating effect of current 63
thermal radiation 145
electric motor 206, 209
glectrical circuits 71-=2
drawing 71
parallel 72-3
serigs 72-3
electrical energy 134
electrical power 63—-4
electrical resistance 7TH-82
electricity
costs 166
electromagnetic induction
210-11
generation 160-1, 164



heating affect 63
mains 589-65
movement from 207-8
from solar power 163, 164
static 84-92
supply and demand for 165
electromagnet 203
electromagnetic induction 210-11
electromagnetic spectrum  106-11
electromagnetism 197, 2014
electrons 68, 85, 221, 222
free 140
electrostatic forces 20
electrostatic paint spraying 89
alectrostatic precipitations 91
endoscopa 121
energy
change of state 186-7
consarvation 135-6
dark 274
efficiency 137, 145-7
elastic potential 134
electrical 134
from food 133, 135
geothermal 134, 164
gravitational potential 152-3, 154
kinetic 134, 153-4
non-rengwable resources 159-60
nuclear reactions 250, 251, 252-3
renewable resources 161-4
Sankey diagrams 136-7
sound 134
stores 133-4
thermal see thermal energy
total energy transferred by an
appliance 64-5
transfers 133-7
in transformers 213
wasted 134
from waves 162
work and 150=1
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